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THE HOLMES LUBRICANT BEARING. 


[Report of the Committee on Science and the Arts.) 


(No. 1646.] HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, August 28, 1891. 


The Committee on Science and the Arts, constituted 
by the Franklin Institute of the State of Pennsylvania, to 
whom was referred, for examination, 


PHILIP H. HOLMES’ IMPROVED COMPOSITION FOR JOURNAL 
BEARINGS, 


report that this invention aims to furnish a new composition 
of materials to be,used in machinery as journal bearings, 
packings for sliding surfaces, etc., which possesses the 
requisite hardness to withstand the usual pressures, and also 
to offer a surface that, without the aid of oil or other lubri- 
cants, will reduce friction to a minimum and preclude the 
possibility of excessive or dangerous heating. 
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The principal element of this composition is graphite, 
reduced to a fine powder and freed as far as possible from 
all gritty matter. 

To render this plastic and cohesive, it is mixed with wet 
wood pulp, in proportions according with the purpose of the 
finished article. In this condition the mass is forced into 
moulds of the desired shape, which latter are provided with 
ample drainage outlets to permit the escape of the water 
when the mass is subjected to pressure. 

The wood fibre acts as an entangling and straining mate- 
rial to retain the fine graphite and prevent its escape with 


_ the water through the perforations of the mould. 


After the composition has sustained the requisite pres- 
sure in the mould, it is removed and thoroughly dried, then 
it is immersed in a bath of hot drying oil until saturated, 
and thereafter baked in an oven until sufficiently hard. 

The finished material has thus attained solidity and 
strength, and when reinforced by metallic support, is capable 
of withstanding heavy pressure, and becomes a safe and 
efficient anti-friction bearing for general use. 

The uses to which this bearing material may be put are 
so very extensive, that it is manifestly impossible for your 
committee to make extensive tests in every direction to 
prove its efficiency, but so good an exhibit of its application 
has been afforded us, that safe conclusions may be drawn 
therefrom regarding its merits, in a range of mechanical 
uses covering a wide field. 

For many valuable data respecting a great variety of 
tests to which the Holmes composition has been subjected 
during a period of more than two years, we submit numerous 
reports, hereto appended,* given by persons of excellent 
standing and mechanical ability, several of whom are 
prominent members of the Franklin Institute. 

The well-known property of graphite, as a lubricant, has 
encouraged many attempts to so combine it with other 
materials, that it might be used as a complete substitute 
for metal bearings, but up to the present time, no one of 


* Appended to the original report, on file, and accessible for reference. 
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these, save that of Mr. Holmes, has succeeded to the extent 
of securing even a limited adoption. 

All prior inventors have incorporated in their product 
some unsuitable, and not infrequently some antagonistic 
material, which, wpon trial, has caused the defeat of the 
object and consequent abandonment of the article. 

This, however, does not apply to Mr. Holmes’ efforts, for 
the two chief elements of his composition are both superior 
anti-friction materials, and the third (drying-oil), while 
aiding to strongly unite the other two, does not appreciably 
decrease their anti-friction value. Again, in the Holmes 
compound there is nothing that any degree of heat that can 
arise from frictional causes can injure, or by any possibility 
cause surrounding objects to ignite; therefore, the fire-risk, 
due to the over-heating of journals, will disappear in direct 
proportion to the use of these graphite bearings. 

We find further that the ratio of friction with the 
Holmes bearings is much less than with well-oiled metal 
bearings, and greatly superior to the results obtained in 
common practice, thereby effecting a great saving in power 
even in comparison with the most carefully attended metal 
bearings. The coéfficient of friction of the Holmes bear- 
ing is practically constant, being no greater at starting 
than when running at any speed, which cannot be said of 
any oiled metal bearing. 

This material may be moulded into any desired form 
with the nicest accuracy of finish, so that all forms may 
be infinitely duplicated with standard precision, without 
the necessity of touching a tool to them. 

The remarkable qualities of this bearing material are 
strikingly exhibited in its application to the spinning frame, 
when the spindles are run at very high velocities. In this 
direction your committee have taken special pains to verify, 
by personal tests, the excellent results vouched for by others. 
Spindles running with unusually tight belts constantly ten 
hours a day for three weeks, at a speed of 8,400 revolutions 
per minute, did not heat, or show any perceptible wear 
either of the spindle or the graphite bearings. 

Thus, through Mr. Holmes’ invention, it has become 
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practicable to run an entire spinning plant without using a 
single oiled bearing, which realizes in economy, cleanlines: 
and freedom from fire risks, conditions of inestimable 
value. Your committee have also practically tested the 
brushes made of this material for use upon dynamos, and 
found them practically indestructible, that they do not wear 
the commutators, and give most satisfactory results in 
every way. 

Careful inspection of many bearings which have been 
running constantly throughout the day for several months, 
show, in no single instance, any appreciable wear either of 


- journal or bearing, which fact is also abundantly testified 


to by others, whose observations have extended over one 
and two years in practical tests, showing the durability 
of these bearings to be very great. 

All of the materials used in the Holmes composition are 
inexpensive, are obtainable in the open market, and their 
source of supply in the United States is practically inex- 
haustible. 

These facts remove all doubt of the permanency of 
supply of this composition where its manufacture has once 
begun, and are also a safe guaranty of successful and 
economical production. 

Your committee are not prepared at this time to set any 
limit to the usefulness of this graphite bearing, or to 
express an opinion regarding the ultimate weight per 
square inch of surface that may safely be applied to it, but 
are satisfied that the limit, if found at all, will only apply to 
such bearings as are essential to the very heaviest class of 
work, and which constitute only a very small part of the 
immense aggregate of machines and implements to be 
benefited thereby. 

For these considerations we cheerfully accord to Mr. 
Philip H. Holmes, the inventor of this compound for jour- 
nal bearings, and of its practical method of manufacture 
and application, the well-earned credit of having conceived 
and worked out to a high degree of excellence an improve- 
ment of rare importance and very great value, affecting 
almost the entire system of machinery construction in the 
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directions of economy of power, extended durability, immu- 
nity from fire caused by friction, and extreme cleanliness, 
and contributing substantially to precision of operation 
and the increase in quality and quantity of product. : 
This achievement entitles the inventor to the fullest 
recognition by the Franklin Institute, and to receive its 
highest award, the Elliott Cresson Gold Medal, which 
accordingly is respectfully recommended by the committee. 


H. R. Hey, Chairman, LUTHER L. CHENEY, 
J. SELLERS BANCROFT, STOCKTON BATES, 
TuHos. P. CONARD, H. W. SPANGLER, 
PuHILip H. FOWLER, S. M. VAUCLAIN. 
Adopted, September 2, 1891. 
S. LLoyp WIEGAND, 
Chairman of the Committee on Science and the Arts. 


APPENDIX. 


[Prof. Coleman Sellers having made a report on the 
Holmes fibre-graphite lubricant bearings previous to the 
examination by the Committee on §: ience and the Arts of 


the Franklin Institute, which was submitted with other 
data for the committee’s information, the following extracts 
therefrom may usefully supplement the committee's report. | 

At your request I visited the exhibition of the Holmes 
fibre-graphite, as shown at 123 North Fifth Street, Phila- 
delphia. I have carefully looked into the merits of this 
material. 

The object of the invention is to furnish a material of 
low coéfficient of friction that can be used in machinery 
without the necessity of oiling, to avoid the inconvenience 
that arises from oil in some cases, and yet without material 
loss of power, and without danger of heating, and thereby 
igniting the surrounding woodwork. It is a well-known 
fact that many fires in factories have originated from heated 
bearings, and railroad practice shows daily examples of the 
ignition of the oil on the journals of car axles, when 
they have begun to cut and heat. 
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This material, while capable of being used without oil, 
is not injured by the application of oil, may be lubricated 
when the pressure is great, and can be depended on not to 
cut should the bearing run dry after having been lubricated 
with oil. 

The ingredient made use of by Mr. Holmes is plumbago 
in a finely-divided condition, and as free from all gritty 
particles as it is possible to make it. Plumbago as a lubri- 
cant has been known for a very long time and many 
attempts have been made to solidify it in a manner to 
permit the solidified material being worked and made into 
the form necessary to answer the purpose of journal bear- 


‘ings or flat sliding surfaces, for all cases where lubrication 


is resorted to to diminish friction. 

The mode of preparation of Holmes’ anti-friction mate- 
rial consists essentially in thoroughly mixing it with wood 
fibre in a moist condition, and pressing the mixed fibre and 
graphite into a mould of proper form. The compound is of 
very considerable strength, quite able, if sufficiently rein- 
forced, to bear pressure and capable also of being lubricated 
if desired, and also capable of running continuously under 
water as is required in the steps of turbine wheels and other 
places. 

The use of oil as a lubricant in machines is to separate 
the rubbing parts and to diminish the friction of metal upon 
metal by an intervening film of the lubricant. 

If the oil is furnished in sufficient quantity to cause entire 
separation of the metals, the friction may be reduced to a 
measure of the viscidity of the unguent used. Where oil is 
administered in less quantity, however, the friction of metal 
upon metal is usually resistance due to interlocking particles 
of the revolving and stationary parts. The oil used as a 
lubricant in most cases finds its way from the bearing 
loaded with the metal that is gradually tornfrom either the 
revolving shaft or the box in which it runs. 

It is a well-known fact that heavy lubricants effect a 
better separation for the metals than the finer lubricants, 
though it is also known that the power required to slide the 
surfaces one upon the other is much less with the more 
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limpid lubricant than with the thicker one, but at the same 
time the wear and tear of the metal may be greater. 

For a long time engineers have been seeking for a sub- 
stance that would be capable of being used as bearing sur- 
faces and have a low coéfficient of friction, either with or 
without oil. From my several publications on this subject, 
it will be seen that I have always held to the opinion that 
if oil can be introduced in sufficient quantity and with suffi- 
cient degree of continuity to separate the revolving shaft 
from the journal bearing in which it revolves, it makes little 
difference what, metal is used for the box; therefore, for ordi- 
nary line shafting, I have always advocated the use of cast 
iron as being the cheapest and most serviceable bearing. 

The friction in line shafting varies according to the 
attention paid to oiling, and many experiments have been 
tried and the result has been reached pointing towards the 
necessity of the utmost care in lubrication, and also frequent 
lubrication to diminish the friction of the bearings. 

The experiments I have been able to make with the 
Holmes material have satisfied me that the coefficient of fric- 
tion is lower than that of many oiled bearings in good condi- 
tion and wellattendedto. It is undoubtedly lower than with 
metal bearings as usually operated, with moderate atten- 
tion and poor qualities of oil. The graphite as compounded 
will bear lubrication and runs well under water, not being 
affected by moisture, oil, or by many chemicals, such as 
acids, ammonia, or any of the chemical substance liable to 
be found in manufacturing establishments. 

It seems to be constant in its frictional resistance when 
dry under any given pressure, and this quality alone is of 
importance, as it brings the frictional loss to a constant, while 
doing away with the cost of oil and the need of personal 
attention to the moving parts. 

It is constant in its small frictional resistance whether 
warm or cold, while it does not run lighter when warm by 
use as some oiled bearings do. Its uniform action is better 
than many oiled bearings and very much safer. The con- 
stant amount of frictional resistance being known, can be 
provided for in the power of the machine. 
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More than forty years of my life have been spent among 
machinery and devoted to solving questions involving fric. 
tion, having contributed no little to bringing line shafting 
to its present high state of excellence. I have had oppor- 
tunities to experiment with many kinds of journal-bearings, 
from glass through the several metals and alloys of metals, 
to the fluid bearings and modification of oiling devices, as 
well as the numerous applications of plumbago as a lubri- 
cant or the chief component of frictional surfaces. The 
present composition is new to me and presents advantages 
that have not obtained with other applications of graphite 


_ as a lubricant, that I have tried. 


The question of frictional resistance may be considered 
as a necessary drawback in all mechanical devices, and the 
best we can do is to reduce this frictional resistance to a 
minimum, either by presenting as rubbing surfaces mate- 


‘rials which'slide easily one upon the other, or render motion 


safe by means of lubricants. The best oils, while dimish- 
ing frictional resistance, do not, under ordinary conditions, 
prevent the wear of metals rubbing one on the other, as is 
well known by all engineers. It is then, in many cases, a 
question of how much we can afford to pay for power lost 
through the use of lubricants that prevent wear of the rub- 
bing parts, or how much wear can be permitted with less 
loss in the power required to drive the machinery. 

The Holmes mixture of graphite gives a substance that 
can readily be moulded into shape or furnished in timber, 
roughed to size and capable of being worked into shape 
with the ordinary tools adapted to cutting wood or 
metal. 

The applications that can be made of this substance 
with marked advantage extend over all cases of rubbing ~ 
surfaces. It shows no appreciabie wear when running at a 
surface speed of 1,000 feet per minute and under a pressure 
of fifty pounds per square inch, and it is generally assumed 
that when the pressure on rubbing surfaces is less than 
fifty pounds per square inch, the viscidity of the unguent 
acts as a sensible retardent. Where the pressure amounts 
to only a few pounds per square inch on the rubbing sur 
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faces, the oil acts so much as a retardent as to make it 
advisable, wherever possible, to dispense with it altogether. 

Besides the cost of the lubricant used in a large establish- 
ment, with the expectation of diminishing the frictional 
resistance, there is also the cost of the attention required to 
apply the lubricant, and to keep the parts clean. Beyond 
this there are many cases in which the lubricant itself is a 
source of danger, first as by some kinds of oil coming into con- 
tact with wood fibre, or by waste starting fires by spontaneous 
combustion, and oil also is often injurious to the material 
that is being worked in the factory. 

To dispense with the oil in the case of metal bearings, 
however, where but little is required, and the speed of the 
rubbing surfaces is high, involves danger from heating, and 
many fires originate from hot boxes in factories, as they do 
continually from the hot boxes under cars on the railroads. 

I find the Holmes preparation to be a substance that 
under light pressures, certainly has a lower frictional equiva- 
lent than metal surfaces under the best conditions, lubricated 
by oils other than of the most costly character. There seems 
to be, under those conditions, no appreciable wear either of 
the bearing or the spindle, or other sliding surface working 
upon this material, even when the velocity is very great, 
and so far as I have been able to determine, the heat 
generated by the friction is no greater than we find with many 
lubricated bearings that are under no greater pressure, but 
that have as great velocity. 

I am unprepared at present to state how far the Holmes 
composition of graphite can be used under the severe pres- 
sures that occur in some cases in machinery, but even in that 
direction there seems to be a chance for excellent results to 
be obtained where the material can be prevented from 
spreading by sufficiently firm surrounding walls. 

I have examined with very great attention and care the 
action of loose pulleys upon shafts, the loose pulley being 
bushed with this Holmes material. I find that they run 
freely, do not show wear, give no indication of excessive 
heat under reasonable conditions of speed, and do away with 
the annoyance of oil, which, by the revolution of the pulley 
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is carried out to the revolving ends, and there thrown off and 
lost. For this one purpose alone the invention is of incal- 
culable value, but the cases in which it can advantage. 
ously be applied are so numerous as to include all rapid 
moving frictional surfaces. 

The readiness with which the material can be applied to 
this use, its good conducting power of electricity and the 
amount of heat it will bear, open up many uses for it other 
than as an anti-friction bearing. 

If not hampered with too excessive cost charges in its 
introduction, it presents one of the cheapest forms of self- 


lubricating material that has yet been made known to 


me, and the very great saving, as well as the safety incident 
to its use in dispensing with oil, avoiding danger of fire, and 
the uncertainty of frictional resistance with lubricants, will 
make it economical in use, even with a sure profit of very 
considerable amount to the owners of the invention. 

I look upon this as one of the most important improve- 
ments that has been made in material for bearings, and 
likely to work radical and important changes in machine 
construction. Besides, by its introduction to those appli-, 
cations where the avoidance of oil is desirable, the field of 
its usefulness would be practically unlimited. Thus where 
oil is to be avoided from danger of injury to fabrics, to cases 
where the heat is too great to permit lubrication (such as 
the axles of carsrun into drying ovens), in the case of 
bearings that are inaccessible on account of situation or 
danger of approach, in the manufacture of explosives by 
machinery, etc. Its use in the rapid running of spindles 
of cotton mills on spinning frames leaves nothing to be 
desired, while the possible use in draw frames of shell rolls 
running free without oil, is a strikingly happy application 
of the invention. 

Hinges for heavy doors can be bushed with the material 
to work noiselessly and freely. Sheaves for window cords, 
and the sheaves that are inaccessible in dumb-waiters in 
houses can be so bushed to run freely and without danger, 

An invention of this kind, diminishing the use of lubri- 
cation, diminishes the cost of machine construction by doing 
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away with the many devices incident to oil, oil cups, oil hole- 
covers, the oil holes themselves which have to be drilled and 
carefully placed, oil tubes to lead the lubricant to the inac- 
cessible parts of machinery, as well as the cost of the per- 
sonal attention, and the cost of the lubricant required to 
keep the machinery in working order. 

I have carefully considered the statements made by those 
who have used the Holmes fibre-graphite compound for a 
comparatively long period and find no exaggerated claims of 
durability, nor any that are inconsistent with what may be 
expected from the nature of the substance. 

Comparing this substance with the so-called anti-friction 
metals used to line or cover the bearing surfaces, I find 
from some experiments of my own, that when emery of the 
best quality is introduced between a graphite block and a 
metal plate, the cutting action of the emery is of very short 
duration as compared to the use of the same emery on the 
same metal, the rubbing block loaded with emery being 
made of the best anti-friction metal. These so-called anti- 
friction metals, hold the emery and the cutting power con- 
tinues as long as the particlesof stone imbedded will last, but 
when applied to the block of fibre-graphite they seem imme- 
diately to become buried-in the graphite, and the bearing 
substance itself furnishes a protection against cutting. 

The experiments I have tried in this direction have all 
been favorable to the Holmes mixture, but one of the most 
important qualities connected with it is its ability to resist 
long-continued hammering action. I find that a solid block 
of the Holmes graphite mixture will bear an amount of 
hammering that would quite deform the surface of the 
metals commonly used for bearings. 

The ideal bearing surface must be so different in its 
nature from the metal that slides upon it as to be unable to 
weld or unite therewith, and at the same time it must, in many 
cases, be able to bear long-continued vibratory, (called ham- 
mering) action, that is incident to unbalanced machinery 
and much of the services on railroads. 

The value of paper stock as a substitute for metal in 
engineering construction is instanced in the durability of 
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paper car wheels, hence in a compound of vegetavie fibre, 
intimately mixed with graphite with binding or felting 
qualities of sufficient power, we cannot but anticipate 
durability. 

The ease with which the Holmes compound can be 
applied in practice is favorable to its introduction, and | 
have no reason to doubt the statement made by those who 
have used it for a considerable length of time and anticipate 
for it a durability more favorable to the user than to the 
manufacturer of the material. 

Being uninformed as to what the owners propose doing 


_with the invention in the direction of its introduction, I see 


in it capabilities of numerous producing establishments 
required to supply the demand that must sooner or later 
arise, when the good quality of the graphite bearing comes 
to be known. The application will increase with the means 
of production, and the saving in cost of its application as 
compared to anti-friction metal linings that do not dispense 
with lubrication, is greatly in favor of the graphite. 

If this substance, as now seems inevitable, will diminish 
fire risks, its use willin time be made obligatory in sufficient 
number of cases to insure its owners a valuable return for 
what I look upon as a very notablé invention. 

COLEMAN SELLERS, E.D., 
Consulting Engineer, 
Prof. of Mechanics, Frankiin Institute, 
Prof. Engineering, Proctor Stevens Institute of Technology, etc. 
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THE DEVELOPMENT or THE PIG IRON MANUFAC. 
TURE In THE UNITED STATES.* 


By JoHN BIRKINBINE, 
President, American Institute of Mining Engineers. 


[Concluded from p. 353.) 

The following remarks concerning the progress of the 
pig-iron industry and a prophecy as to its future appear in 
volume xv of the Tenth Census, namely, that of 1880, 
which is presented here to show how much more rapidly 
the industry has developed than was then anticipated would 
be the case six years ago, when it was written. 

“In 1866 the United States had reached the production 
of Great Britain in 1835; that is to say, she was then thirty- 
one years behind the latter country. At the end of 1884 
she was but twenty-one years behind England. And at the 
same rate of increase for both countries, the United States 
will be but fifteen years behind England in 1900, and will 
reach and pass her in 1950, the production of pig iron in 
each country for that year,.as determined from the equation 
of their respective curves, being a little over 30,000,000 tons.” 

MR. HEWITT’S ESTIMATE. 


In a paper read at a late meeting of the American Insti- 
tute of Mining Engineers, in Octeber, 1899, by its then 
President, Hon. Abram S. Hewitt, Table D was presented, 
showing the comparative rate of increase in population and 
pig iron production in the United States for six decades. 

TABLE D. 


Relative Increase of Population and Pig Iron Production. 
Production Rate of 


of Pig Iron, Increase. Rate of 

Year. Gross Tons Per Cent. Population, Increase. 
165,000 12,866,020 32°51 
315,000 gl 17,069,453 33°52 
564,000 79 23,191,876 35°83 
$21,223 46 31,443,321 35°11 
1,696,429 106 38,558,371 22°63 
3,835,191 126 50,155,783 30°08 
9,202,703 140 62,622,250 24°86 


* A lecture delivered before the Franklin ‘Institute. 
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This table, the writer says, “ brings out the striking con- 
clusion that the production of pig iron has always increased 
more rapidly than the population and that the ratio is an 
increasing one. Between 1830 and 1860, the production of 
iron increased twice as fast as the population. Between 
1860 and 1890 it increased four times as rapidly, in reality 
over four times, thus proving that the national wealth con- 
tinues to grow from decade to decade, at a rate of accelera- 
tion of which the world affords no previous example. Inas- 
much as during all this time, we have imported iron in 
addition to our production, it follows that the consumption 
per capita has also increased more rapidly than population. 
In 1855, according to careful calculations, which I made at 
that time, we were consuming iron at the rate of 117 pounds 
per head; whereas, in 1890, the consumption has increased 
to rather more than 300 pounds per head, the whole of which, 
for the first time in our history, we are producing within our 
borders. 


Great Britain, on the other hand, produces more iron than 
it consumes, and is still the largest per capita producer in 
the world. In 1889, with a production of 9,321,563 tons of 
2,000 pounds, and with a population estimated at 38,000,000, 
the production reached the large figure of 495 pounds per 
head. Deducting the exports,Great Britain is now consum- 
ing 250 pounds per head against a consumption of 144 
pounds in 1855. But the production of iron in Great Britain 
appears to be now very nearly stationary.” 

Mr. Hewitt anticipates fully as great development of the 
iron industry as I mention, for he says: 


“T think it issafe to estimate, therefore, that in 1900 the 
world will require 35,000,000 gross tons of iron, of which the 
United States must supply forty-five per cent., and the other 
iron-producing countries the remainder, in the proportion of 
half to Great Britain and half to Germany, France, Belgium 
and the other smaller producers.” 


This prophecy means a production in the United States, 
in the year 1990, of 15,750,000 gross tons. 
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MR. ATKINSON'S ESTIMATE. 
Mr. Edward Atkinson presents the following estimate 
concerning the prospective demand of the world for pig 
iron in the year 1900: 


Tons. Tons. 
Present production,. ......... 25,000,0c0 
Increased consumption in the United 
Increased consumption in Great Britain, 
France, Germany and Belgium, . . 2,000,000 
Increased consumption in all! the rest of 
Total increase of demand,. . . 1 5,000,000 
Total supply required, .... 40,000,000 


He says: “If then one may predict a continuance of this 
law of accelerating demand for the next eleven years, neither 
40,000,000 nor 44,000,000 gross tons will suffice in the year 
1900. If this increasing demand should continue, the sup- 
ply must be 100 per cent. in excess of that which now pre- 
vails. The supply in 1900 must be 50,000,000 gross tons or 
56,000,000 net tons. Who will supply it?” 

For the reason heretofore given, I do not place the future 
output at as high a figure as either of the gentlemen named, 
but at either of the rates of increase indicated, there is an 
apparently bright future before those engaged in pig iron 
production, ore and coal mining, coking and other allied in- 
dustries, who are in position to share in this growth, for every 
advance made must be with discretion and after a thorough 
investigation of existing and prospective competition. 

The day has passed when iron can be successfully pro- 
duced without improved appliances, both in construction 
and modern methods of operation. The blast furnace must 
supply what the consumer wants, and technical knowledge 
will keep close company with administrative ability in 
securing the increased output, to which all investigations 
point as a certainty. 


PRODUCTION OF PIG IRON PER CAPITA, 


Referring to the figures for 1860, 1870, 1880 and 18g0 (see 
Table E), it will be interesting to consider the pig iron pro- 
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duction in the censuses named, and also the population of 
the country, to shew what relations exist between population 
and production, and taking the figures presented, we find 
the following relation between the number of people and 
the tons of pig iron made, in each of the census years, in 
the several sections of the country, and also in the State of 
Pennsylvania. Reference is especially made to Pennsy]l- 
vania, because of its being our own Commonwealth; because 
it has led, still leads, and will probably continue to lead all 
other States as a producer of pig iron. 

We find that the census year 1860 shows a popula- 


tion of nearly 31,500,000, and a production of less than 


1,000,000 tons of pig iron; that is, we produced one ton 
of pig iron for about every thirty-two inhabitants, but 
in 1870, while the population had increased about one- 
quarter, the production of pig iron had been nearly doubled, 
and in that year one ton of pig iron was produced for 
every twenty-one inhabitants. The census of 1880 shows a 
population of over 50,000,000 an increase of nearly one- 
third over 1870, and a production of pig iron eighty per 
cent. greater than in 1870. In this year one ton of pig 
iron was made for every fifteen inhabitants. The census 
of 1890 shows a population of nearly 62,500,000 and a pro- 
duction of over 8,500,000 gross tons of pig iron. This 
demonstrates that last year the United States produced one 
ton of pig iron for every seven and one-third inhabitants, 

We may also investigate the distribution of the popu- 
lation and the pig iron production, in each of the four 
general divisions, following the early method on account of 
using the census of 1860. These divisions will be New 
England States, as generally accepted, including Maine and 
intermediate States to, and including, Connecticut. 

The Middle States (New York, New Jersey, Pennsylva- 
nia and Delaware). 

The Southern States, all States south of the Ohio and 
Potomac Rivers, and east of the Mississippi River, including 
Maryland and Louisiana. 

The Western States, the rest of the country. 

We then find that while the population of New England 


ti 


Dec., 1891.] Manufacture of Pig Iron. 417 


increased practically 500,000 souls in each decade, the 
amount of pig iron produced was varied but slightly, 
and that this section made one ton of pig iron for every 118 
inhabitants in 1860, and one ton for each 156 of its popula- 
tion in 1890. 
TABLE E, 

Distribution of Population and Production of Pig Iron, According to Census 
Returns of 1860, 1870, 1880 and 1890. 


1860. 1870, 
| Production Production 
| Population, | per Ton of Population. : per Ton of 
jof Pig oon. Pig Iron. of Pig Iron. Pig Iron. 
United States,. . . . 31,443,321 | 987,559 31°84 38,558,372 1,832,876 | 
Pennsylvania, 2,906,215 | 580,049 5°01 3,521,951 922,564 3°82 
9°24 | 88°74 9°13 50°33 | 
New England,. . . . 3,135,283 26,600 117°87 3,487,924 30,778 | 13°33 
269 * | 9°05 1°68 
i 
Middle States,. . . 7,571,201 706,369 10°72 8,935,821 1,571,115 | 763 
24°08 | mss | 2317 | 
Southern States,. . .| 9,981,480 | 106,761 | 89°06 10,859,955 164,768 65°94 
10°20 29°16 8°99 
Western States, . . . 10,755,357 153,829 | 69'92 15,274,071 466,215 | 32°76 
34°21 15°58 39°62 25°44 
| 1880, 1890. 
United States,. . . . | 50,155,783 35375,99I 14°86 62,622,250 8,553,374 7°32 
Pennsylvania, . . . 4,282,891 1,723,492 2°48 5,258,014 4,207,599 1°25, 
New England,. . . .| 4,010,529 27,640 145°10 4,700,745 30, 162 155°85 
"82 7°51 "35 
Middle States,. . . .| 10,643,486 2,143,833 4°96 12,869,293 4,657,670 | 2°76 
63'S 20°55 54°45 
Southern States,. . . | 13,975,686 311,639 44°95 | 16,236,784 1,582,106 | 10°26 
2786 | 9°23 25°93 18*50 
Western States, . . . | 21,526,032 | 892,799 24°11 28,815,428 2,283,436 | 12°62 
42°92 | 2645 46°01 26°70 


The Middle States, with a population of 7,500,000 in 
1860, produced over 700,000 tons of pig iron or one ton for 
every eleven inhabitants, and in the next ten years the 
population had increased to nearly 9,000,000, while the 
production of pig iron exceeded 1,000,000 tons, so that 
Vor. CXXXIL. 27 
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one ton of pig iron was produced for every seven and two. 
thirds inhabitants. A further increase in population in 
1880 to over 10,500,000 and a pig iron output of over 
2,000,000 tons, made the production of pig iron one ton for 
every five inhabitants. In 1890, a still further augmented 
population to nearly 13,000,000, and a production of nearly 
4,750,000 tons of pig iron, was equivalent to one ton to every 
two and three-quarters inhabitants. 

A marked increase is shown in the Southern States 
which, with a population of 10,000,000 in 1860, produced 
about 100,000 tons of pig iron, or one ton for every ninety. 
nine inhabitants; but an increase in the population to 


' 10,750,000 in 1870, was met by an augmented production of 


pig iron nearly one and two-thirds times what it was ten 
years before, and one ton was produced for every sixty-six 
inhabitants; in 1880, the Southern States had a popula- 
tion of nearly 14,000,000, and nearly double the produc- 
tion of pig iron of 1870,so0 that one ton of pig iron was 
made for every forty-five inhabitants; in 1890, with a popu. 
lation of over 16,000,000 and a pig iron production of over 
1,500,000 tons, the Southern States produced one ton of pig 
iron for every ten and one-quarter inhabitants. 

In the Western States the increase of population has 
been more rapid, and although the development of the pig 
iron industry has been greater in amount than in the 
Southern States, it did not show the same relation per 
capita. In 1860, the population of the Western States was 
10,750,000 inhabitants, and the production over 150,000 
tons of pig iron; that is, one ton was produced for every 
seventy inhabitants; whereas, in 1870, the population was 
over 15,250,000 and the production nearly 500,000 tons of pig 
iron, or one ton for every thirty-two and three-quarters 
inhabitants. In 1880, the 21,500,000 inhabitants and nearly 
900,000 tons of pig iron, made the proportion one ton to 
every twenty-four inhabitants in the Western States, and 
in 1890, the population was 28,750,000 inhabitants and the 
production over 2,250,000, or one tcn to every twelve and 
two-thirds inhabitants. 

The divisions of the country as given above, do not 
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properly represent the groupings of the American blast 
furnaces, and a comparison of the population and pig iron 
output, made in conformity with existing commercial rela- 
tions would considerably alter the per capita output in cer- 
tain sections. However, in the absence of any other gener- 
ally accepted subdivision of the country, no effort will 
be made to follow the discussion in detail as to specific 
localities. 


THE POSITION OF PENNSYLVANIA. 


The query naturally suggested to Pennsylvanians is, if the 
United States has in the last thirty years increased its rela- 
tive production of one ton of pig iron for every thirty-two 
inhabitants to one ton of pig iron to every seven and one- 
half inhabitants; and if the Middle States have similarly 
advanced from one ton to every eleven inhabitants to one 
ton for every two and one-quarter inhabitants, what has 
been, and what is, the position of Pennsylvania? Its popu- 
lation of less than 3,000,000 inhabitants in 1860 had increased 
to 5,250,000 in 1890, while its pig iron product of but little 
over 500,000 in 1860 was augmented to nearly 4,250,000 in 
1890. 

In 1860, Pennsylvania produced one ton of pig iron for 
every five inhabitants; in 1870, it made one ton of pig iron 
to every three and three-quarters inhabitants; in 1880, one 
ton was made for every two and one-half inhabitants, and 
in 1890 one ton for every one and one-quarter inhabitants. 

The position of Pennsylvania is more marked when we 
remember that, according to Mr. James M. Swank, in /ron 
in All Ages,no iron was made in the State prior to 1692, and 
that was of such small extent that the exact location of the 
enterprise is not known. As a practical producer of iron, 
Pennsylvania's history does not commence until 1716, sixty- 
six years after the establishment of the industry in Massa- 
chusetts. It would also be well to note in this connection 
that until 1859 no pig iron was made in Pittsburgh, and yet 
in thirty-one years, the magnificent industry in Allegheny 
County has developed, until in 1890 a total of 1,337,309 gross 
tons were produced. 
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Another instance of remarkable development is in Illi- 
nois, no iron having been manufactured there until 1830, 
but in 1890, 701,106 gross tons were produced from fifteen 
furnaces located in that State. 

Allegheny County, Pennsylvania, in which Pittsburgh is 
located, and Cook County, Illinois, in which Chicago and 
Joliet are located, are the two greatest producing centres, 
when compared with the areas covered, that we have in the 
United States from which reports are published. Their 
aggregate output was 22 per cent. of the total for 1890. 

The Birmingham district of Alabama also represents 
very rapid development and produces a large amount of pig 


‘iron in a limited territory, but as the official statistics are 


not reported separately from those of the State of Alabama, 
no absolute statement is offered. 

According to the /ron Age, the United States during 
October, 1891, was producing pig iron at the rate of 9,750,- 
ooo gross tons annually, and in commenting upon the con 
tributors to this output, the following editorial statement is 
made: “The product of one great steel company, the IIli- 
nois Steel Company, was during the month of October 
nearly equal to that of all the coke furnaces in Alabama, 
Tennessee and Georgia put together, the aggregate in each 
case being a few hundred over 100,000 gross tons. The 
Carnegie firms, in Allegheny County, made about 82,000 
tons in the same month.” 

A review of the above memoranda demonstrates the 
following : 

In 1860, the production of pig iron in Pennsylvania per 
capita was nearly as great as that of the Middle States in 
1880, twice that of the Southern States in 1890, and two 
and one-half times that of the Western States in 1890. 

The per capita output of pig ironin the United States is 
now considerably. less than that of Pennsylvania thirty 
years ago. 

In three decades, the output of pig iron per capita in 
Pennsylvania has quadrupled, and that of the rest of the 
United States, in the same time, has not kept pace with the 
Keystone State; although the Western States show a some- 
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what accelerated growth of output per inhabitant, and the 
Southern States a remarkable increase in this particular. 
The oft prophesied annihilation of the blast furnaces of 
Pennsylvania and their removal to other localities, seems 
‘no nearer fulfilment than it was years ago. 

Taking the production of pig iron in the United States 
in the future at one ton for each six inhabitants, (say) 375 
pounds per capita annually, the Western States must double 
their output of pig iron and the Southern States increase 
their production fifty per cent. before they supply the 
requirements of their present population, if that population 
represents average consumers, 

If Pennsylvania should not augment its annual output of 
pig iron one ton in the next decade, she would still, in all 
probability, head the list of producers, and contribute 
about one-third of the supply of the nation. With a wealth 
of fuel, ore and flux, with excellent transportation facilities 
to convey fuel, distant ores to, and the product from, the 
furnaces, and with a strong home market, the iron masters 
of the Keystone State are not in need of sympathy from 
prophets of evil; and only as the other sections of the 
country exceed the national per capita production, will 
inroads be made on the State’s natural market; unless these 
sections fail to foster a development which makes the 
people consumers as well as producers. 

I may be pardoned for calling attention to the words of the 
prophet, “ Shall iron break the Northern iron and the steel,” 
(Jeremiah xv: 12), as a question still unanswered affirma. 
tively for the pig iron industry of the United States. 


THE FUTURE SITUS. 


A late publication, by Mr. Edward Atkinson, 7he Future 
Situs of the Principal Iron Production of the World, from which 
an excerpt was given concerning the probable output of pig 
iron in 1900, contains the following cautious prophecy as to 
“the future situs of the iron production of the world :” 

“One may not venture yet to name the specific place or 
places. The survival of the fittest among the many enter- 
prises now claiming public attention will soon determine it 
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in the emulation between the North, the South and the 
West. 

“Suffice it that if one should stand upon the top of the 
highest peak among the Great Smoky Mountains in the 
heart of the Southern Appalachian chain, and could bring ' 
within his vison all that would come within a radius of 
seventy-five to 100 miles, he might be able to establish the 
centre of iron and steel production which would not be very 
far away from what has been called the ‘centre of gravity’ 


. of the population of this country. 


“If he could bring within his vision the whole con- 


- figuration of the area enclosed within a circle of about 150 


miles in diameter, centring on the Great Smoky Moun- 
tains, he might trace the lines made by the erosion of the 
rivers and the gaps in the ranges on which the rails may be 
laid to the northwest at the southern border of Ohio, and to 
the southeast on the way toward the Atlantic ports of South 
Carolina, over which the metal produced at the possible 
future centre of the iron production of this country may be 
distributed on the easiest grades, either for domestic con- 
sumption or for the supply of foreign markets.” 

The region referred to is known to abound in minerals 
suitable for conversion into pig iron and its stores of hidden 
wealth are probably much greater than is now recognized. 
But if American pig iron producers could be carried to the 
peak of the mountains referred to, and be shown all the 
wealth of the little world of from 40,000 to 80,000 square 
miles area, even this will hardly tempt them to believe, as 
far as the United States is concerned, the prophecy, which 
the text of the paper indicates, was made as much to formu- 
late an argument against the present customs duties as to 
determine a situs. 

To agree with Mr. Atkinson, we must assume that the 
development of the ores of the Eastern and Middle States 
have reached their maximum, that the great coal areas of 
Pennsylvania, Ohio, Indiana and Illinois are to see compar- 
atively little future extension in mining operations for met- 
allurgical uses, that the wonderful supply of iron ores of 
Michigan, Wisconsin and Minnesota, which in 1890amounted 
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to ovet 9,000,000 gross tons, or more than half of what the 
entire country furnished, are to make but small advances in 
utilization ; that the ores of Southern Missouri, Arkansas 
and Texas, and the coals near the border of Indian Terri- 
tory, if developed, are not to be assembled in quantity 
sufficient for a large producing industry. 

In addition, we must make no allowance for the exploita- 
tion of the excellent ore deposits of Wyoming, which are 
distant from Chicago less than fifty per cent. farther than 
where the present ore supply for furnaces near that city is 
obtained. We must give Colorado small margin for aug- 
menting its iron industry, and omit serious consideration of 
utilizing the known minerals of Utah, aad we must also 
leave out of our calculation the possibility of the Pacific 
States employing their recognized mineral resources on a 
liberal scale. 

To accept Mr. Atkinson’s situs, we must dismiss the illu- 
sion that the market is a most potent factor in the estab- 
lishment of an iron industry, an ¢//usion (?) that has caused 
capital to embark in iron production and manufacture at 
points like Chicago, where none of the raw materials are 
indigenous, but where they can be assembled advantage- 
ously and where unusual market facilities are offered. 

If we endorse his conclusions as correct, we must question 
the business foresight of the Pennsylvania Steel Company, 
erecting large works near Baltimore, to which fuel must be 
carried over 200 miles and ores brought from Cuba, and also 
doubt the wisdom of the additions to the iron and steel 
works at and near Pittsburgh and Chicago. In short, 
we must assume that those most intimately associated 
with the pig iron industry have given no thought to its 
future. 

Mr. Atkinson apparently treats of the future solely in the 
light of the past, without making due allowance for possible 
and probable advances in mining, preparing and transporting 
fuel, ores, etc., in modifying present practice or processes, 
or in utilizing waste materials. The next quarter of a cen- 
tury may show improvements which would surprise us as 
much as the output of some of our mines or furnaces or the 
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present use of compressed air, electric light and gaseous 
fuel would have done twenty-five years ago. 

The iron industries of Pennsylvania are here to stay, the 
ores of New York and of the Lake Superior region will con- 
tinue to be in great demand, the South and the West will 
add to their industries; Canada, too, will develop her 
resources, iron production and manufacture will extend 
beyond the Continental divide and follow the tide of popula- 
tion rather then congregate in a limited area of mineral 
development. In this, the localities indicated by Mr. 
Atkinson will share, and possibly share liberally, but allow- 
ing for a considerable export trade, it is probable that the 


‘future situs of iron production of the United States will be 


considerably removed from the point indicated and that of 
the world still further from the highest peak of the Great 
Smoky Mountains. 


FUEL GAS: tts PRODUCTION anp DISTRIBUTION. 


By ARTHUR KITSON. 


[A paper read before the Franklin Institute, February 18, 1897.| 


Fuel gas is not quite so recent a discovery as many peo- 
ple suppose. Half a century ago, M. Ebelmen described, in 
a paper read before the French Academy of Sciences, a 
method for utilizing charcoal débris, coal slack, and other 
carbonaceous refuse, by converting them into the form of 
gaseous fuel, which was conveyed to suitable furnaces, and 
there consumed. This process was operated with consid- 
erable success at the iron forges of Audincourt. Ebelmen’s 
method formed the basis of nearly all the fuel gas systems 
that have since been produced, and consisted in the partial 
combustion of carbon by forcing a limited supply of air or 
a mixture of air and steam into a furnace containing the 
solid fuel in a state of combustion. The gaseous products 
resulting from the gasification of charcoal by a blast of hot 
air consisted of— 
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By Volume. 


Carbonic Oxide = 33°3 
Combustible, .. . Hydrogen tH) = 28 } 36°1 per cent. 


Nitrogen (N) = 634 
Non-combustible, . Acid = 4 63°9 per cent. 


100°00 


and with a mixture of air and steam the products were— 


Percentage. 


Combustible, . . . { } per cent. 


Non-combustible, } 58°8 per cent. 
100°00 

Twenty years later the Siemens regenerative furnace 
was introduced, and the startling results achieved by its 
inventor in metallurgical work rapidly opened a wide field 
for the use of fuel gas in the iron and steel industries. It 
was demonstrated that seven hundredweight of coal would 
do the same work that had hitherto been performed with 
a consumption of at least two tons of coke in heating one 
ton of iron to welding heat; and twelve hundredweight 
of coal replaced three tons in melting one ton of steel by 
means of this gas furnace. The success of fuel gas for 
metallurgical work was at once assured. 

Until the supply of natural gas in Pittsburgh had created 
a demand among domestic consumers for this desirable - 
addition to modern household conveniences, there had been 
scarcely any attempt to provide private dwellings with any 
other than illuminating gas. It is true that some attempt 
was made in Germany to introduce a heating gas, and that 
as long ago as 1862, a company was formed in Birmingham, 
England, to supply that city with fuel gas at a cost of six- 
pence per 1,000 cubic feet. This bill was actually pre- 
sented to Parliament, but thrown out in Committee of the 
House of Lords, because their lordships thought that if 
the scheme was as good as represented by its promoters 
existing gas companies would gladly engage therein. It is 
needless to say that the existing gas companies, already 
possessing the lighting monopoly of cities, did not care to 
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undertake any experiments nor embark in fresh schemes, 
and it was reserved for an individual twenty-five years later 
to put the first fuel gas plant in operation for domestic pur- 
poses. In this country progress has been more rapid, 
owing, undoubtedly, to the presence of natural gas. The 
great boon that the discovery and use of this gas has been 
to certain portions of the West, resulting in the founda- 
tion and growth of large and prosperous towns—a discov- 
ery that has brought health and happiness to thousands, 
besides enriching those districts where it exists to the 
extent of millions of dollars, has excited a demand for an 


_ artificial substitute where natural gas does not exist that 


must sooner or later be supplied. Moreover, the long- 
predicted exhaustion of natural gas in those regions where 
lately it was most abundant seems nearing realization, as 
foreshadowed by the recent action of the Pittsburgh com- 
panies in cutting off all supplies for industrial uses and 
confining themselves to domestic consumers. Such dis- 
tricts cannot well go back to their old habit of burning coal 
direct. A substitute for natural gas is inevitable. 

The distinction that is made between fuel gas and 
illuminating gas arises chiefly from the difference in cost. 
Illuminating gas makes an excellent fuel gas, providing it 
can be sold at a price sufficiently low to allow of its use for 
fuel. In thousands of instances, both coal gas and carbur- 


* etted water gas are used in cooking and heating stoves, but 


their uses as fuel are limited, owing to the cost of such 
heat. Fuel gas necessarily means cheap gas, and in order 
to take the place of solid fuel, it should not exceed the cost 
of coal at the place of consumption. Now, since the com- 
bustible gases generated from coal, whether by the process 
of distillation—as in the ordinary coal gas system—or by the 
conversion of the carbon into carbon monoxide, with the 
addition of hydrogen from decomposed steam—as in the 
water gas system—contain less energy than that from 
which the gases are obtained, it would appear, at first sight, 
impossible to replace coal by its gases, economically speak- 
ing; but when we reflect that out of possibly 29,000,000 
units of potential heat contained in a ton of coal, we 
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derive, in ordinary domestic uses, scarcely perhaps 5,000,- 
000; whereas from thirty to fifty per cent. of the total 
heat of combustion of gas is readily available, it becomes 
evident that we can afford a good margin of loss for the 
conversion of coal into gas, and still achieve better results 
than with the coal itself. The saving of space occupied 
for coal storage, and all the expense and trouble incident to 
handling coal and removing ashes, to say nothing of the 
cleanliness and healthfulness, are points of sufficient 
advantage to give to fuel gas a superiority, if even the 
economy were no greater than with coal. I do not mean to 
say that it is cheaper in all cases to convert coal into gas, 
and burn the gas, than to use the coal direct. There are 
uses to which coal burned directly is the cheaper system. 
Such, I believe, is at present the case with the modern 
steam boilers, where combustion is, in able hands, nearly 
perfect, and the products escape at a temperature not 
exceeding 500° F. 

In order to ascertain the cost of a gas, we must know, 
first, its composition; second, the purpose for which it is to 
be used; and, lastly, the price per unit of volume. Its com- 
position gives us both its heating value and flame tempera- 
ture. Having given the use to which it is to be applied, 
we may judge of the quantity we must consume to produce 
a given effect. Finally, its price per 1,000 cubic feet 
enables us to figure the cost at which we can do our work. 

It may be useful at this point to call attention to the dis- 
tinction between the calorific value of a gas and its calorific 
intensity. There is a great deal of misapprehension prev- 
alent on this subject. If we wish to select a gas for heat- 
ing a substance to incandescence, a Welsbach burner, or 
Fahnehjelm comb, for instance, we need a flame of high cal- 
orific intensity, and should choose uncarburetted water gas. 
If, or the other hand, we wish to boil water, we should 
choose natural gas, and next to that coal gas. Of course, 
this supposes no difference in their cost. The calorific 
value of a gas is the sum total of the heat units contained 
in its combustible constituents, irrespective of the diluents 
associated therewith, 7. ¢., heat units per unit of volume 
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Calorific intensity is dependent, not alone on the thermal 
units contained in the gas, but varies inversely with the 
weight of the resultant products of combustion of the gas 
multiplied into their specific heat. 

Of all artificial substitutes for natural gas, that com- 
monly known as water gasis by far the most popular, and 
claims the greatest number of advocates. 

Water gas is made, as most of you are aware, by forcing 
steam through a deep body of incandescent coal or coke. 
This action is alternated with that of blasting air through 
the fuel to regain the necessary temperature of combustion 


_ preparatory to again driving in steam. 


The steam is decomposed in presence of the incandes- 
cent carbon, forming carbon monoxide, the hydrogen of the 
steam remaining free. These two gases, H and CO, are 
given off in about equal quantities, and burn with a beauti- 
ful pale blue flame. The chemical transformation is con- 
veniently represented by the equation C + H,O =CO + H,,. 
This, however, is not the precise manner in which the trans- 
formations occur. Carbonic acid gas is first formed and is 
converted into carbon monoxide in presence of more car- 
bon. It is exactly represented thus: 4 H,O+4C=8H + 
2CO,+ 2C=8H+4CO. 

Coal gas, that made by the retort system, has also its 
advocates as a fuel gas, but hitherto there has been no prac- 
tical demonstration of its production at a price calculated 
to ensure its use as a fuel to any great extent. The returns 
from its manufacture and supply are based largely upon 
the sale of the bye-products, coke, tar, naphthaline, ammo- 
niacal liquor, etc., and the profits are, therefore, dependent 
upon fluctuating markets for these products, as well as the 
price of the gas. This system pertains, therefore, rather 
more to what is commonly known as the chemical, than to. 
the gas industry. 

It has been proposed to convert the bye-products, coke 
and tar, into gas and mix with the distilled gases; but this 
virtually brings the system within the class of water gas 
systems, since the solid fuel, coke, would be treated by the 
ordinary water gas process. Moreover, it is quite. possible 
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to carry on the process of distillation, and the water gas 
process in one and the same generator, and so avoid the 
extra labor and expense which the retort system entails. 


WATER GAS—SEMI-WATER GAS—PRODUCER GAS, 


Let us now investigate the methods described for gasify- 
ing coal for fuel purposes, in order to ascertain in what way 
we are likely to achieve the best results. We may con- 
veniently divide them into the three classes, viz : water gas, 
semi-water gas and producer gas. The first is known as 
the alternate system, in contradistinction to the last two 
methods which are continuous. 

Taking the first method described by Ebelmen of gasify- 
ing carbon, viz: forcing a blast of air through a deep bed 
of the ignited fuel (producer gas), you will see by the table 
above given we get only about thirty-five per cent. of com- 
bustible gases. If we could eliminate the nitrogen from 
the atmosphere by a cheap and simple process, and supply 
oxygen alone and in the requisite quantity to convert all of 
the carbon into carbonic oxide, we should get from one ton 
of anthracite of 2,240 pounds, 4,066 pounds, or nearly 60,000 
cubic feet of this gas, containing 20,200,000 heat units. 
The coal itself would possess almost one-third more heat 
units than this, ¢. ¢., 29,000,000, if we allow 240 pounds of 
the ton as ash. Apparently, there is here a decided loss in 
converting coal into gas. The loss is, of course, due to the 
partial combustion which takes place when one atom of 
oxygen unites with one of carbon, carbonic oxide being the 
product. In other words, if we convert the carbon at once 
to its final product, carbonic acid (CO,) from one pound of 
carbon so consumed, 14,500 heat units are evolved ; whereas, 
if we turn the carbon first into carbonic oxide (CO), we 
evolve from the same pound of carbon 4,400 heat units, 
obtaining 233 pounds of CO; and this, when burned, evolves 
only 10,092 units, so that the 4,400 units appear to be lost. 

What becomes of this heat we call lost? It is generated 
in the furnace, and whilst some of it is radiated through the 
sides, most of it is carried off by the gas, which leaves the 
furnace at a high temperature. If, therefore, we use the 


429 
al aa 
1e 
AS 
n- * 
id 3 
ig 4 
e. 
4 
h 
n 
e 
1- 
2° 
s 
s 
1 
G 
t 
% 
> 
at 
| 


| 

A 
7 


-. 


> 


430 Kitson: [J. F.1., 


gas in its heated condition as it is generated, we shall lose, 
approximately, only that quantity lost in the furnace itself. 
We should obtain the 20,000,000 heat units from the 
actual combustion of the gas, and probably 7,000,000 
units more of sensible heat. Now, the effect of the nitro- 
gen—the presence of which we cannot avoid, if we use air 
—is, not to lessen the total quantity of the carbonic oxide 
producible, but to lower the temperature of the furnace. 
The weight and volume of gaseous products being greatly 
increased, the heat is spent over a larger volume, and the 
temperature is necessarily reduced. Of course, a given vol- 
ume is less combustible than when the nitrogen is absent. 


‘In this case we obtain 170,000 cubic feet of gaseous pro- 


ducts, 110,000 feet of which is inert nitrogen. What would 
be the temperatures of the furnace where the nitrogen is 
present and where absent? In the one case, the furnace 
heat would be 


2,000 X 4,400 __ 600° F. 
4,066 X "2479" 
In the other, 
3,000 X 4.400 = 2,685° F. 
(4,666 X *2479)+ (8,664 X *244) 


By “furnace heat” we mean the average temperature 
existing in the furnace. In practice, we have really a 
gradually descending degree of temperature from the zone 
of combustion to the zone of distillation—where the gases 
leave the furnace. The zone of combustion exists where 
the air is supplied to the fuel. In this region active com- 
bustion ensues, and the carbon is converted into carbonic 
acid gas, per saltum. In passing through the superincum- 
bent coal, the carbonic acid gas gives off part of its sensible 
heat to the coal, and at the same time undergoes a trans- 
formation by losing an atom of oxygen, which unites with 
the free carbon, and is thus converted into carbonic oxide 
(expressed by the equationCO, + C=2CO). That portien of 
the furnace in which this chemical transformation occurs 
we term the zone of carbonization. This change entails a 
further loss of heat. 

In passing out at the top of the furnace, the gas imparts a 
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further quantity of sensible heat to the top layers of fresh 
unconsumed coal, and carries off the moisture in the form 
of steam. There is, therefore, a gradually diminishing 
furnace heat from the zone of combustion, (say) 2,500° to 
3,000° F. down to probably from 1,000° to 1,500° at the take- 
off pipe. 

Now, if the gas has to be stored for any length of time, 
or conveyed long distances through cold pipes, a very severe 
loss is necessarily entailed. For instance, in burning the 
gas produced from a ton of coal, at atmospheric temperature, 
we should lose an amount of heat equal to from 4,000,000 
to 7,000,000 heat units. This would prove a serious loss, and 
in order to avail ourselves of a portion of this thermic 
capital, we must burn the gas as it issues from the gas 
furnace without permitting it to cool. 

As most of you are aware, the feature of Siemens regen- 
erative furnace consists in the utilization of this sensible 
heat. We are now in a position to understand the ad- 
vantage of using steam mixed with the air and see how itis 
made available. Steam enables us to lower the furnace 
temperature, and consequently reduce the sensible heat of 
the gases, at the same time conserving the thermal energy 
for future use. By injecting a mixture of steam and air, we 
require less air than where it is used alone, since the steam 
provides a certain quantity of the oxygen necessary to con- 
vert the carbon into carbon monoxide. The air maintains 
the furnace temperature essential for decomposing the steam 
in the presence of the red-hot coal; the oxygen of the steam 
unites with the coal to form carbon monoxide (CO), and the 
hydrogen remains free. You will, therefore, see the enor- 
mous advantage the use of steam thus affords. Instead of 
free nitrogen, we get free hydrogen, which is not only a 
highly heating and combustible gas, but exceedingly light, 
and confers low specific gravity to the gaseous products 
with which it is associated—a feature of considerable 
advantage where the gases have to be carried some distance 
before burning. Ofcourse, the use of steam entails a con- 
sumption of the heat energy of the furnace, and it becomes 
a rather nice point to so proportion the steam and air that 
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the fuel can maintain sufficient heat to carry on the chemical 
transformation of the steam to combustible gases, and 
reduce, at the same time, the quantity of air toa minimum. 
The less the amount of air used, the less the proportion of 
inert nitrogen in our fuel gas—a point to be aimed at; and 
the greater the proportion of steam the greater will be the 
heating power of our gas, providing always the requisite 
furnace heat be maintained to decompose the steam effec- 
tively. 

If we ascertain the heat generated in the furnace, and 
that expended in effecting the chemical transformation of a 
given weight of steam into combustible gases, the furnace 


‘ temperature can be known, and this will guide us in deter- 


mining what amount of steam may be used with success. 

Having given the following data, let us calculate the 
results : 

Eight hundred pounds steam supplied from a boiler at 
300° F.; 2,240 pounds anthracite or coke, containing 240 
pounds ash; 10,013 pounds of air. We will allow fora loss 
of twenty per cent. of steam that will, in all probability, 
escape decomposition in the furnace; also, ten per cent. of 
carbon burned to CO,. 


HEAT PRODUCTION. 


1,800 pounds of carbon burned to CO 1,800 X 4,400 = 7,920,000 
200 pounds of carbon burned to CO, 200 X 14,500 = 2,900,000 
Heat carried in by steam, 800 300° °475..... = 114,000 


10,934,000 


HEAT EXPENDED. 


Allow twenty per cent. of steam as wasted in escaping 
through furnace without undergoing decomposition : 


160 pounds heated from 300° F. to (say) 1,300° F. pe 
Conversion of 640 pounds of steam at 300° F. 
Allow ten per cent. loss in furnace by radiation, etc, . = 1,093,400 
5,001,690 


Then, 10,934,000 — 5,001,690 = 5,932,310 heat units con 
tained in the furnace. 
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Our furnace heat is determined as follows: 


= 732 pounds 0°2164 = 158°405 
= 7,660 pounds X 1,869°040 


12,657°11 3+309°431 
3,309°431  __ 
12,657°11 
being the average specific heat; and 
___5:932,310 BF. 
12,657°11 
being the average furnace heat. 
The proportion of gases by volume will be as follows: 


12,700 


} Combustible, about 39 per cent. 


i Non-combustible, 61 per cent. 


170,300 cubic feet. 


Now, this temperature is much higher than is necessary 
for decomposing steam, and shows that our proportion of 
steam to air is too small for economical work. We may, 
therefore, increase the weight of steam with advantage. 

Let us increase the weight of steam one-third, making it 
1,200 pounds. We have then— 


In these tables I have not allowed for an excess of air, 
which is, of course, essential in practice, and which will 
somewhat modify the results theoretically obtained. 


HEAT PRODUCED. 
B.T.U. 


1,800 pounds (C toCO) = 1,800 XK 4,400 ..... = 7,920,000 
200 pounds (C to CO,)= 200% 14,500..... = 2,900,000 
Heat carried in by steam 1,200 X 300° X "475. . . . = 171,000 
10,991,000 
VoL. CXXXIL 28 
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HEAT EXPENDED. 
B.T.U, 


20 per cent. escaped steam, 240° X 800 pounds X *485 = g1,200 
Conversion of 960 pounds steam, 2° X 53,900. . . = 5,748,900 
10 per cent. loss by radiation ..........-. = 1,099,100 


6,939,200 


Then, 10,991,000 — 6,939,200 = 4,051,800 heat units in 
the furnace. 
Then to ascertain the furnace temperature : 


CO,= 733 pounds Xo216,......... = 158621 
CO = 4,194 pounds X 0'2479......... = 1,040°212 
H = 106°66 pounds X 34046... ......., = 362°644 
11,773°66 3,206°037 

Then 

3,206'037 __ 

11,773°66 


the average specific heat, and 


_ = 1,280° F. 
11,744 X °2723 
being the average furnace heat. 
The amounts of the gaseous products by volume in this 
case are: 


Cubic Feet. 

Combustible, . . . . . { 
Non-combustible,. . . 56 per cent. 

164,500 
The total heat units are as follows: ras 
H = 106°66 pounds X 62,000. . ......+:+-+s = 6,612,920 
CO = 4,194 pounds X 4,325 = 18,139,050 
24,751,979 


and 
24,751,970 _ BHU. 
164,500 
per cubic foot, which is nearly one-half the value of uncar- 
buretted water gas. 
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Are these results the best attainable? I think not. In 
a properly constructed furnace we ought to be able to 
obtain and maintain fifty per cent. of combustible gases 
from the total products. With care wecan work at a lower 
temperature than that last obtained, because experience 
shows that the gases do not leave at furnace heat. 

Supposing they leave at 800° F., then the furnace tem- 
perature is increased : 

480 X °272 
589° F. 
the temperature becoming 1,869° F. 

A large percentage of the heat ordinarily lost through 
the brickwork, as well as the sensible heat of the products 
themselves, may be utilized by heating the steam and air 
before they enter the furnace. 

Of course, these calculations are based on theoretically 
perfect combustion, and no excess of air has been allowed. 

Under the best conditions it is possible to decompose 
1,500 pounds of steam to every ton of coal, providing the 
steam is furnished from an independent source, and to obtain 
approximately the following results: 

Pounds, Volume. Heat Units. 
Combustible,. . . { 1,666 29,800 10,333,292 
arbonic oxide,. 4,194 53,700 18,139,050 
Nitrogen,. . . . 5,179 65,500 _ 
Carbonic acid, . 733 6,000 a 


Non-combustible, . { 


10,272 155,000 28,472,342 


This equals nearly fifty-four per cent. combustible pro- 
ducts and gives 183 heat units to the cubic foot. Can this 
quality be generated continuously? Experience shows that 
it can, providing the steam and air are supplied ata suffi- 
ciently high temperature. With steam furnished from a 
separate boiler, at (say) 500° F., no difficulty will be found in 
producing this quality of gas. 

There is still the fuel requisite for supplying the steam 
to be calculated and allowed for in these results. To pro- 
duce 1,500 pounds of steam from water at atmospheric tem- 
perature and raise it to 500° would necessitate a consump- 
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tion of from one-eighth to one-quarter ton of coal; so that 
our results are reduced to 130,000 cubic feet of gas, contain- 
ing 183 heat units to the foot, or 23,500,000 heat units to the 
ton of coal. 

The question naturally arises whether it is possible to 
generate the steam in the same furnace and still maintain 
the quality of gas. 

To do this we have only the waste heat of the furnace, 
z. e., the sensible heat carried off by the gaseous products, 
and that radiated through the brickwork, to work with, since 
we cannot lower the temperature of the furnace without 
seriously affecting the quality of the gas. As shown, we 
need 2,500,000 B. T. U. 

Suppose the gases leave the generator at 500° F. above 
the atmosphere. There are 10,250 pounds X 600° X ‘272 = 
1,660,000 B. T. U. carried away by the gaseous products 
from one ton of fuel, and allowing ten per cent. loss for 
radiation, etc., 1,090,000, making a total of about 2,750,000 
heat units. 

If it were practicable to utilize entirely this waste heat 
in producing and superheating the steam, the perfection of 
the gasification of coal would be reached, for there would 
be contained in the combustion of the gases ninety-five per 
cent. of the heat units contained in the coal itself. By 
placing a superheater in the take-off pipe, and a super- 
heating coil in the brickwork, a considerable amount of 
this waste heat becomes available. 

Allowing for all contingencies, I believe it is possible to 
obtain from 2,240 pounds of anthracite from 150,000 to 160,000 
cubic feet of semi-water gas, averaging 165 heat units to 
the foot, which will contain 25,000,000 units of potential 
heat, or about eighty-three per cent. of the heat energy of 
the coal itself. 

This system possesses, in my judgment, the best solution 
of the fuel gas question. The cost of its production is 
trifling, and the labor attached to its manufacture (usually a 
considerable element in the cost of gas) very slight. 

With coal at $3 per ton, its cost of production should not 
exceed two and one-half cents per 1,000 cubic feet. In other 
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words, we ought to obtain 1,000,000 heat units at a cost of 
fifteen cents. At the present price of Philadelphia city gas 
this same quantity of heat costs $2.30! ! 

The objections that are urged against the use of gas of 
this quality are: (1) That the presence of so much inert mat- 
ter necessitates the use of larger pipes, and (2) that combus- 
tion is maintained with difficulty. The first of these objec- 
tions only applies where it is absolutely necessary to use the 
pipes already existing and hitherto used for illuminating 
gas. If new pipes have to be laid it is not so great an 
undertaking to lay a nine-inch pipe, instead of a six-inch, 
for instance, and should not prove a serious obstacle. 

But the same objection would hold good as against water 
gas. Water gas contains only one-third the heating value 
of natural gas and one-half that of coal gas; and if a certain 
sized pipe were just sufficient to carry natural or coal gas, it 
would be too small for water gas unless the pressure were 
considerably increased, and this would necessitate better 
laid mains and better joints than we are now accustomed to. 

When gas becomes generally used for fuel, no such sizes 
of mains as those now used for the supply of illuminating 
gas will furnish anything like the demand. 

Moreover, in the method of distribution that I will pres- 
ently describe, this objection vanishes. 

The question becomes a mere arithmetical problem: 
Does the interest on the investment required to provide 
larger mains equal, exceed, or is it less than the value of 
the extra heat units supplied? 

This is a simple problem and its solution is an answer to 
this question. It is merely a question of dollars and cents. 

The other objection urged is that that there is difficulty 
in maintaining combustion. This objection is confined 


almost entirely to the gas known as producer gas, that. 


made in blasting the furnace in the water gas process, in 
which the combustible products do not exceed thirty-five 
per cent. With the gas I have described, combustion is 
readily maintained, especially when it is heated prior to 
ignition, a condition easily obtained for all ordinary pur- 


poses. 
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Water gas, made by what is known as the alternate 
method, consisting in alternating the steam and air blast, 
will furnish under the best conditions not more than 40,000 
cubic feet of gas, containing 300 heat units per foot, a total 
of 12,000,000 to the ton of coal. It is composed of carbon 
monoxide and hydrogen, almost entirely. The producer 
gas—that given off in blasting the furnace with air—is of 
too little heating value to convey long distances, and must 
be burned in large quantities to be effective. It is advan- 
tageous to burn this under the boilers for furnishing steam. 

The thermal intensity of water gas is very high, whilst 
its calorific value is less than half that of coal gas. Itssuc- 
cess as a fuel depends solely on one point, the cost of distri- 
bution. It can be produced cheaply enough to warrant its 
introduction, but, unfortunately, the expense incurred in get- 
ting it from the holder to the consumer is generally greater 
than that of manufacturing and putting it into the holder. 
It is already in use for fugl in several cities, and is sold, 
I understand, at forty and fifty cents per 1,000 feet. 
Fifty cents is too much. Coal gas at $1.25—the price 
charged in New York City—is just as cheap for ordinary 
domestic purposes. To compete successfully with coal, 
water gas containing 300 heat units to the foot should be 
sold at twenty cents per 1,000, at which price there will 
be no difficulty in selling all that a company can produce in 
every city, except where natural gas is already supplied. 

To recapitulate: Of the three methods for converting 
coal into gas for fuel, viz: by natural or forced draught 
without steam, by forced draught with steam, and by steam 
and air alternately—resulting in the generation of producer 
gas, semi-water gas and water gas, respectively—semi-water 
gas contains eighty to eighty-five per cent. of the heating 
value of coal, and is the cheapest gas if supplied within a 
reasonable distance from the place of production. 

Producer gas must be burned hot as it issues from the 
producer, to be advantageous. Water gas contains only 
about two-fifths of the heating value of the coal from which 
it is produced, and is, per se, the most expensive of the 
three systems. 
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The accompanying diagram (Fig. 7) represents these three 
gases proportionately by volume, and with their constituents. 
Fic. 1, 
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Producer Gas. ¢ Semi-Water Gas. 
Diagram showing comparative amounts of the various constituents of 
producer gas, semi-water gas and water gas from a ton of anthracite. 


Not the least of the advantages which semi-water gas, or 
“steam-jet” producer gas, as it is sometimes called, pos- 
sesses over water or coal gas, is the ease and simplicity of 
its production. It can be made in a furnace not much 
larger than some that are in use for heating dwellings, it 
requires no storage, is automatic in its production, and 
can be made in quantities varying from 500 cubic feet to an 
indefinite quantity per hour. 


DESCRIPTION OF KITSON’S GAS PRODUCER. 


In compliance with the request with which your Secre- 
tary honored me, I will briefly describe the apparatus I 
have designed for the manufacture of semi-water gas, and 
am now using in connection with the Kérting gas engine 
for the production of power. This furnace has been in 
use for some time driving the gas engine, which sup- 
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plies power to a dynamo, and this in turn charges ‘a 
storage battery. The battery furnishes current for a 


Fic. 2.—Sectional view of the Kitson Gas Generator. 

Explanatory.—A, ash pit. J, fire-brick hearth or grate. CC, air passage- 
ways for heating air supplied to injectors. D, injector pipes leading to centre 
of grate. Zand H, screw and hub for giving grate the rotary and up-and- 
down motion. F, furnace. G, vertical grate bars. /, steam boiler. //, hot- 
water coils comnecting with boiler. Q, steam superheating coils, communi- 
cating with boiler. V, dust valve. A, injectors. O, hopper to supply coal 
to furnace. 7, Y¥*, Z, mechanism for rotating the grate. X’, W, gas take- 
off pipes. Y, water seal. a, butterfly valve for dumping ashes. 


number of incandescent lamps, and occasionally for a small 
electric motor. The producer is represented in the engrav- 
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ings (Figs. 2 and 3). It occupies about ten square feet of floor 
space, and stands eight feet from the floor to the top of the 
feed hopper. This will furnish 1,500 cubic feet of gas per 
hour, The machine consists of a cylindrical shell of boiler 


Fic. 3.—The Kitson Gas Generator, exterior view. 


iron lined with fire-brick. The internal diameter of the Ue 
brickwork is 21 inches, and the height from the grate to the re 
top of the furnace is 3 feet 6inches. The grate is connected ci 
on one side with a steam and air injector; on the other, with +e 
the gas supply pipe (which runs to the place of consumption), = 
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and is surrounded bya cast-iron box securely attached to 
the cylindrical shell, forming the ash pit. The whole ma- 
chine is supported on four cast-iron legs. 

The ash box terminates in a mouth-piece, which is 
opened and closed with a valve operated by a lever from 
the outside, and serves to dump the ashes, whenever de- 
sirable, without interfering with the process of making the 
gas. The top of the furnace is closed by an iron plate, and 
upon this the hopper for feeding the furnace is securely 
fastened. An opening is provided in the plate for a pipe 
leading to the chimney. Another connection leads also to 
a gas supply pipe, each of these pipes being opened and 
closed by valves. A small reservoir forming the boiler is 
placed on one side and communicating therewith are two 
coils contained in the brickwork. The lower coil heats the 
water and furnishes steam, the upper coil superheats it. 
Water is pumped into the boiler from time to time. An 
injector is also provided at the top of the furnace. Air 
channels are arranged spirally in the brickwork, through 
which air is drawn by the injectors. The air thus becomes 
heated before mixing with the steam, which must be thor- 
oughly dry. The walls of the furnace, it will be seen, are 
inclined inwardly towards the top, and outwardly towards 
the bottom, thus throwing the entire weight and body 
of the fuel on the grate. The grate is provided with 
mechanism for giving it a rotary and up-and-down motion, 
the effect of whicb is to break up any clinker that may 
have adhered to the sides of the furnace to keep the 
coal in a compact mass, avoiding holes in the fuel and to 
throw the dust and ash into the ash-pit. The caking with 
soft coal is effectively broken up, and the steam finds an 
easy passage through it. 

The entire gas plant I have described is simple, cheap in 
construction, and economical in its working. It can be 
made small enough to produce 500 cubic feet per hour, 
which means a consumption of only six or seven pounds of 
coal. It iseasily set up, taken down and removed. There 
is no danger from fire or explosion, and it requires but ordi- 
nary care, as in the case of a common coal furnace. 
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APPLICATIONS OF FUEL (SEMI-WATER) GAS—POWER. 


Let us now consider in what manner we may utilize our 
gas and ascertain the results obtainable. Commencing with 
the subject of power: It may astonish the general public, 
who are accustomed to regard the highly developed steam 
engine as the perfection of human ingenuity in the trans- 
formation of heat into work, to learn that the gas engine, 
with all its imperfections, is a far more efficient instrument. 
Although the gas engine is limited in various ways, in 
capacity and power, and is, mechanically speaking, vastly 
inferior to the steam engine, its absolute efficiency is at 
least double that of its rival. The absolute efficiency of the 
gas engine is twenty per cent. and has in some cases ex- 
ceeded twenty-two per cent. whilst that of the best steam 
engine never exceeds half this amount. With illuminating 
gas a consumption of from twenty-five to thirty cubic feet 
per hour in any of the standard gas engines will develop 
one actual horse-power, which is equivalent to a con- 
sumption of from 15,000 to 18,000 thermal units. 

During the past year I have made a great number of 
experimental tests of semi-water gas with the Kérting gas 
engines, varying in size from eighteen horse-power down to 
two horse-power, and found no difficulty with a consump- 
tion of eighty-five cubic feet in developing an actual 
horse-power by brake test. This is equivalent to one and 
one-fourth pounds of coal per horse-power per hour. For 
several years a well-known firm in Manchester, England, 
have supplied their works with power by means of gas pro- 
ducers and gas engines, and claim the cost has not exceeded 
one and three-fourths pounds of coal per horse-power per 
hour. 

A recent test with an Atkinson engine gave one horse- 
power with 1,4, pounds per hour. 

In comparison with the: steam engine, these results are 
startling. Compare, for instance, the efficiency of the best 
steam plant, comprising furnace, boiler and engine, with gas 
producer and gas engine. It is hardly fair to make compar- 
isons with very large steam plants, for the simple reason 
that the largest gas engine does not exceed 100 horse-power. 
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A fifty horse-power steam plant of the most approved 
pattern will consume 45,000 thermal units in the production 
of each horse-power per hour, an efficiency of less than 
seven percent. In the largest plants the efficiency will not 
exceed ten per cent. Now, take the gas plant: We get an 
efficiency in the gas producer of eighty to eighty-five per 
cent., and in the gas engine from eighteen to twenty-two 
per cent., an absolute efficiency of from fourteen and one- 
half up to nearly nineteen per cent. for the entire plant. 
Here is a method for the supply of power for which there is 
an unlimited field, and, notwithstanding the years that 
have elapsed since attention was first called to the subject, 
it is entirely unknown to the public generally. Instead of 
large reservoirs for the supply of steam, we may generate 
gas as required, converting its potential energy into useful 
work more economically and more efficiently than has ever 
been dreamed of by steam engineers. The gas producer and 
gas engine must eventually supplant steam for all small uses, 
at least. 

My experiments showed me: 

(1) That it is decidedly advantageous to clear the cylin- 
der entirely of the exploded products before taking in a 
fresh charge. 

(2) That a higher compression than that ordinarily used 
with illuminating gas is beneficial. 

(3) That sufficient time should be allowed to enable the 
gas and air to intermingle in the exact proportions for com- 
bustion, before ignition. 

The presence of a small proportion of the exploded pro- 
ducts in the new charge affects this quality of gas much 
more disastrously than where a richer gas is used. There 
being already fifty per cent. of non-explosive gas in the 
charge itself, the addition of a small percentage of so injuri- 
ous a diluent as carbonic acid gas, injures the explosive 
force of the charge materially. 

The best effects from the use of this gas may, therefore, 
be expected from engines having a variable piston stroke, 
such as the Atkinson. 

The disadvantages attending the slow combustion of 
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carbonic oxide gas (especially when this gas is accompanied 
by much nitrogen), is, to a great extent, remedied by high 
compression, High compression also increases the capacity 
of a given-sized engine, a decided advantage where semi- 
water gas is used. 

The outlook for the gas producer and gas engine is very 
encouraging, and bids fair to outrival the steam boiler 
and engine. Not only is it more economical in the conver- 
sion of potential heat units into work, but there is less 
labor involved and less danger. 

The results I have mentioned may at first sight seem 
startling, especially to those accustomed to the use of small 
steam plants, where the consumption of coal varies all the way 
from four to ten pounds of coal per horse-power. So accus- 
tomed have we become in our crude utilization of natural 
forces, to throw away more than we use, that we are apt to 
lose sight of the proportion and magnitude of such waste. 

Every factory and household chimney, every locomotive 
stack, every ash pit and dust bin testify to the frightful 
extravagance in our modern and much vaunted methods of 
utilizing fuel. When we reflect that in every pound of coal 
lies hidden a force which, if wholly utilized, would furnish 
four or five horse-power, whilst at present we employ at 
least ten pounds, and often forty, to accomplish the same 
results; that in our highly efficient gas motor we consume 
five volumes to obtain the energy contained in one, some 
idea of the present wasteful methods of producing power 
may be réalized. 

The prediction, therefore, that the gas engine and gas 
producer will shortly furnish power with one pound of coal 
per actual horse-power per hour, is only incredible to those 
who regard present achievements as the summit of human 
attainment. 

LIGHT. 

This question of cheap power brings us directly to 
another—the production of light. The great obstacle the 
electric light encounters when competing with gas is the 
cost of power. Here, it seems to me, is a solution of the 
problem. 
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Taking an incandescent electric plant, capable of furn- 
ishing ten lamps of sixteen candle-power to the actual 
horse-power, the cost of coal would be less than one-quarter 
cent per hour. This would permit the use of storage bat- 
teries and allow a margin for loss in discharging. The gas is 
also available in connection with the incandescent gas lamps, 
such asthe Welsbachand Lungren. I have used the former 
with success. The Kitson water gas lamp, in which the 
gas is carburetted by the vapor of naphthaline, produces a 
very beautiful light with semi-water gas. 


HEAT. 


For heating purposes its uses are almost endless. With 
properly constructed burners, gas cooking and heating stoves 
are available for domestic purposes, whilst for industrial 
work its different uses are legion—brick burning, lime burn. 
ing, soldering pots, singeing yarns, roasting and smelting 
furnaces, cupolas, etc., and, in fact, wherever artificial heat 
is required, this gas may be made available in one special 
way or another. 


DISTRIBUTION, 


Chief among the items that make the price of gas high 
to consumers is the cost of distribution, and in large cities 
it is certainly attended with the greatest conceivable annoy- 
ance and expense. The tearing up of roadways, the laying, 
relaying and repairing of pipes, the loss from leakage, the 
suits for damages, the conflicts with City Councils, with 
surveyors, with street-car companies, and with property 
owners, serve to make the lot of a gas company at times 
anything but a happy one. These expenditures have to be 
met, and serve to make the price of gas to the consumer 
wholly out of proportion to its cost of manufacture. 

The plan I wish to suggest for supplying fuel gas, in its 
three departments, as light, heat, and power, is, to bring the 
place of manufacture and point of consumption as near 
together as possible, and avoid long distance of delivery. I 
would let every block of houses contain its own gas works 
and electric light station. A basement in the centre of a 
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block would be provided and equipped with several gas 
generators, gas engines, dynamos and storage batteries. 
This plant I would erect in a substantial manner, and, 
where necessary, dig below the basement for several feet. 
I would put in good foundations and sink the gener- 
ators considerably below the floor level for convenience 
in supplying the hoppers with coal. One set of gener- 
ators I would keep constantly in operation, running 
gas engines which would operate the dynamos, continually 
charging the storage batteries to supply the necessary 
lights. This part of the plant I would operate twenty-four 
hours a day so as to reduce the size and cost of the plant 
requisite to do a given amount of work. Another set of 
generators would furnish gas for heating and cooking. 
Boilers would be used for supplying steam heat or hot water 
in the ordinary manner. Pipes would be run from the main 
tank to each house in the block, and wires connected from the 
storage batteries in the usual way. It would be necessary 
to have a small holder under each house, which I would also 
sink below the floor level in the basement. This holder 
would regulate any great variation in the supply of gas. 
Each block would thus be provided with its own plant, and 
be entirely independent of central stations and city gas 
companies. Duplicate sets of machines would have to be 
kept ready in the event of one or more of the others giving 
out. The advantages to be reaped by this system would be, 
first, that owing to the short distance which the gas and 
electriccurrent would have to travel, the cost of supply, as 
well as the amount of capital invested, would be reduced toa 
minimum ; second, this system avoids at once the overhead 
wire nuisance and the annoyance of tearing up the streets to 
alter and change the gas mains; third, consumers would be 
entirely independent of City Councils and city franchises ; 
they would have simply to consult themselves and their 
own interests, and deal with their own property ; and, lastly, 
an accident to one gas plant would not interfere with the 
lighting of a whole district, as is the case under the present 
system. 

By this method of distribution you will see that the objec 
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ee. tion urged against the carrying of a quantity. of inert gas, 
eS necessitating very large mains, disappears. 
es I am about introducing this system into a block of build- 

We ings in New York City as an experiment, and shall be happy 
4; to give you, at a future time, the results of that experiment. ; 
PROCEEDINGS 

OF THE 

CHEMICAL SECTION 

oF THE 

Fi. FRANKLIN INSTITUTE. 


[Stated meeting held Tuesday, November 17, 1891.] 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 17, 1891. 


Dr. W. H. WARL, President, in the chair. 


Nominations of officers to serve during the coming year were made, as 
required by the by-laws. 

In the cases of President, Secretary, Treasurer and Conservator, the 
present incumbents, namely, Dr. Wm. H. Wahl, President and Conservator; 
Dr. Wm. C. Day, Secretary; Dr. H. W. Jayne, Treasurer, were re-nominated. 

Dr. E. F. Smith and Dr. Wm. H. Greene were nominated as Vice-Presi- 
dents. 

The following nominations for membership in the Section were made, 1 
viz: Mr. Geo. W. Whyte, of the Camden Iron Works, Camden, N. J.; Mr. : 
‘Alfred N. Seal, 417 Locust Street, Philadelphia; Dr. Herbert M. Kaufmann, 
1325 Franklin Street, Philadelphia, and Mr. S. W. Young, of Swarthmore 
College, Pa. These nominations‘were referred to the Committee on Admis- 
sions, by whom they were favorably considered, and the persons named 
were declared elected. : 

Letters of resignation from Mr. Everett W. Frazer, at present of New 
York City, and Mr. A. A. Moore, of the Franklin Sugar Refinery, Philadel- 
phia, were read, and the resignations were accepted. 

A letter from Mr. M. Carey Lea was read, transmitting to the Section the 


gift of a collection of his published papers on allotropic forms of silver and 
a set of specimens of the various modifications of the element which he had 
prepared. They were examined with much interest by the members present, 
and, on motion, the Secretary was directed to write Mr. Lea a ietter of thanks, 
conveying the Section’s appreciation of the gift. 

A number of bills for subscription to journals and also for postage and 
expenses incurred in sending out notices, were referred to the Finance Com- 
mittee ; they were indorsed by the committee, and payment was authorized. 

Mr. Lee K. Frankel read a paper “ The Oxidation of the Metallic 
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Arsenides by the Electric Current.’ The paper was listened to with interest, 
and was referred for publication in the Journa/. 

This was followed by one from Mr. Otto Liithy, on ‘Carbonic Acid Deter- 
mination."’ Specimens of potash pumice and other materials discussed in 
the paper were submitted for inspection. The paper was referred for publi- 
cation, and the author stated that at the next meeting he would present the 
results of a further prosecution of the investigation. 

Adjourned. Ww. C, Day, Secretary. 


I. THE IODATION or ¢-BROMOBENZOIC ACID. 
II. SALTS or g-BROMO-m-NITROBENZOIC ACID. 


By OLIVER HouGu. 


[Read at the stated meeting, held October 20, 1891.) 

It is stated by Weselsky (Amnalen, 174, 99) that the 
method of iodation recommended by him is not applicable 
in the case of bromobenzene, or benzoic acid. Believing 
that possibly a different result might be obtained with 
bromobenzoic acid, in which two hydrogen atoms are 
replaced by different substituents, the following experiments 
were made: 

(1) Ten grams of f-bromobenzoic acid, dissolved in alco- 
hol, were heated with the calculated amounts of iodine and 
mercuric oxide. The product was heated with an aqueous 
solution of sodium carbonate, and filtered while hot. 
Hydrochloric acid was added to the cold solution, and the 
liberated organic acid converted into its barium salt. » 
Analysis showed it to be the barium salt of -bromobenzoic 
acid. The iodation had not been effected. 

(2) It was suggested that possibly the iodation had 
really occurred, but that the sodium carbonate had again 
removed the iodine. ‘To ascertain whether such was really 
the case, the acid after treatment was digested immediately 
with barium carbonate. The resulting salt proved to be 
p-bromobenzoate of barium. 

(3) A third experiment was equally fruitless. Finally, 
the g-bromo-acid, in alcoholic solution, was heated together 
with iodine and mercuric oxide, in a sealed tube. The tem- 
perature of the oven was 150°C, Iodine was not introduced 
into the acid even in this way. 

VoL. CXXXILI. 29 
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Il, SALTS OF ~-BROMO—m-NITROBENZOIC ACID (m. p. 199° C). 

The known salts of this acid are those of barium, mag- 
nesium and silver. The following are new: 

The potassium salt forms yellow-colored prismatic needles, 
varying in length from one-half to one inch. One hundred 
parts of water at 26°C. dissolve 33°44 ponte of the salt. 
The salt is anhydrous. 

The sodium salt crystallizes in needles. It contains one 
molecule of water of crystallization; 100 parts of water at 
26° C. dissolve 16°01 parts of the salt. 

The ammonium salt separates from aqueous solutions in 
anhydrous needles; 100 parts of water at 26° dissolve 12°22 
parts of the salt. 

The strontium salt consists of minute white needles. It 
contains three and one-half molecules of water of crystal- 
lization. Found 14'88 per cent. Sr instead of 15'10 per 
cent.; 100 parts of water at 26° dissolve 0°88 parts of the salt. 

The calcium salt consists of white needles. The air-dried 
salt lost, when carefully heated in an air-bath at 160°, 30°25 
per cent. of water, corresponding to thirteen molecules. 
Found 7°45 per cent. Ca instead of 7°54 per cent.; 100 parts 
of water at 26° dissolve 1°09 parts of the salt. 

The sinc salt crystallizes in white needles; 100 parts of 
water at 24° C. dissolve 0°70 parts of the salt. The addition 
of zinc chloride to a solution of potassium nitrobromo- 
benzoate, produced a white precipitate which crystallized 
from hot water in round, yellow-colored masses. Under 
the microscope these appeared to consist of bundles of little 
plates. An analysis of the salt showed it to be the basic 
zine salt. It contains three molecules of water. Found 
zinc = 20°24 per cent. instead of 19°87 per cent. 

The mercury salt is anhydrous and white in color; 100 
parts of water at 26° dissolve 0'96 parts of the salt. Found 
Hg = 44°04 per cent. instead of 44°90 per cent. 

The nickel salt crystallizes in light green colored crusts; 
100 parts of water at 26° dissolve 1°47 parts of the salt. It 
contains two and one-half molecules of water. 

The cobalt salt consists of pink needles. It contains 
three molecules of water; 100 parts of water at 26° C. dis- 
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solve 1°05 parts of the salt. Found 11°53 per cent. Co 
instead of 10°74 required. 

I carried out the above work in the laboratory of Dr. 
Edgar F. Smith, University of Pennsylvania. 


THE OXIDATION or METALLIC ARSENIDES by THE 
ELECTRIC CURRENT. 


By Lee K. FRANKEL. 


[A paper read at the meeting, November 17, 1891.) 

The decomposition of minerals and their subsequent 
oxidation by means of the electric current is a product of 
very recent origin. By reference to the literature of the 
subject, it will be found that the first attempt in this direc- 
tion was made by Dr. Smith, in a paper published in the 
Proceedings of the Chemical Section of the Franklin Institute, 
vol. i, p. 52, in which the author has successfully completed 
the decomposition of chalcopyrite and gives the results of 
some preliminary investigation on chromite. 

In a later and more exhaustive paper in the same journal, 
Dr. Smith has published his researches on the decomposition 
of other sulphides, and has proven conclusively that oxida- 
tion by the electric current gives results as quantitatively 
correct as those obtained by any wet or fusion method. In 
a still later paper by the same author (American Chemical 
Journal, vol. 13, No. 6), experiments on various kinds of 
chromite, indicate that the decomposition of this mineral is 
complete, if the conditions prescribed are closely followed. 
At present this completes the literature of the subject, and 
judging from the success so far obtained, it was deemed 
advisable to attempt the oxidation of the metallic arsenides, 
with the hope that the result would be similarly fruitful. 
These results and the methods used for obtaining them will 
be found appended below. 


The apparatus used for this purpose was the same as 
that described by Dr. Smith in the Proceedings of the Chem- 
ical Section of the Franklin Institute, vol. ii, p. 53, and the 
method of using it was also substantially the same. The 
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current generated from four storage cells of the Julien 
type, was passed through the resistance frame, then through 
a Kohlrausch ampéremeter, and lastly up through the nickel 
crucible, the latter being in all cases the positive pole. As 
for the oxidations, the time required, the strength of current, 
etc., differed in each mineral respectively. For this reason 
no general plan can be prescribed, but the details of the work 
will be found for each mineral, under its respective heading. 
Gersdorfite (Ni.Fe.),As.SS—The sample used for the 
decomposition came from Shladming. The method of pro- 
cedure was as follows: In a nickel crucible 1} inches high 
and 1 inches wide, 25-30 grams of solid caustic potash were 
placed. The contents of the crucible were heated until 
fusion took place, and the gersdorfite then carefully added. A 
current registering one ampére was passed through the mass 
is for twenty minutes, the crucible being the anode. Towards 
ae the end of the operation, the current was reversed for three 
R minutes to remove any particles of mineral that might have 
Sa been enclosed in the metal dedosited on the cathode. After 
breaking the current, the crucible was allowed to cool, then 
thoroughly disintegrated with water, and the resultant 
insoluble material (nickel and iron oxides) filtered off. The 
clear filtrate was acidulated with concentrated hydrochloric 
acid, and then made strongly alkaline with ammonium 
hydrate. The precipitate (silica and alumina from the 
caustic potash), which formed on the addition of the latter 
reagent, was filtered off, and magnesia solution added. — 
The precipitate of magnesium ammonium arseniate, which 
formed after standing twelve hours, was filtered off, dis- 
solved in dilute hydrochloric acid, re-precipitated with 
ammonium hydrate, filtered, dried, weighed and ignited in 
a platinum crucible, in the manner prescribed for this deter- 
mination. The results obtained were as follows: (1) °2777 
gram of ore gave ‘2853 gram of magnesium pyroarseniate 
= 49°73 per cent. arsenic; (2) ‘1137 gram of ore gave ‘1173 
gram of magnesium pyroarseniate = 49'94 per cent. arsenic ; 
(3) ‘2548 gram of the ore was dissolved in nitric acid, evap- 
orated to dryness, the residue taken up in hydrochloric acid, 
and the arsenic acid reduced with sulphurousacid. Hydrogen 
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sulphide was then added, the resulting arsenious sulphide 
filtered off, dissolved in nitric acid, the solution made alka- 
line with ammonium hydrate, magnesia mixture added, and 
the arsenic determined as above; ‘2617 gram of magnesium 
pyroarseniate was found = 49°72 per cent. arsenic. 

The insoluble residue remaining after the fusion was 
dissolved in water, was treated with nitric acid and evapor- 
ated to dryness. Hydrochloric acid was then added, and 
hydrogen sulphide passed through the solution for several 
hours, without the formation of any precipitate of sulphide 
of arsenic, showing that the mineral must have been com- 
pletely decomposed. 

Niccelite (Ni.As.\—With this mineral, the attempt was 
made to see what effect currents of greater intensity would 
have on the decomposition. It was hoped that with a cur- 
rent of greater strength the decomposition could be effected 
in less time, but as will be seen, the results, as far as a 
diminution of the time limit is concerned, are practically 
negative. 

Two samples of the finely ground niccolite were subjected 
to a current which varied from 14 to 1 ampéres, for twenty 
minutes, and without any reversal of the current, 25-30 
grams of caustic potash being used. In both cases did the 
residues which remained after disintegrating the fused mass 
with water, show the presence of arsenic, on treating the 
residues with nitric acid, evaporating to dryness, and the 
subsequent addition of hydrochloric acid and hydrogen 
sulphide. The presence of arsenic in the residues is proba- 
bly due to the fact that the greater strength of current used 
in the decomposition, deposits larger quantities of metallic 
nickel on the cathode, enclosing at the same time appreci- 
able quantities of undecomposed mineral. 

A much weaker current was now tried. Twosamples of 
the mineral were subjected to a current of half an ampére 
for twenty minutes, 25-30 grams of caustic potash being 
used. The result was the same as in the previous case, 
arsenic being found in both of the residues. 

The time limit was now extended with more satisfactory 
results, the manner of decomposition being as follows: A 
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current of one ampére was allowed to pass through the 
fused mass for twenty-five minutes, the current passing up 
through the crucible. At the end of this time, the current 
was reversed for five minutes, to remove the metal and any 
undecomposed mineral that may have attached itself to the 
platinum wire. The subsequent operations of extracting the 
alkaline arseniate and weighing it as magnesium pyroarseni- 
ate, were similar to those already given under Gersdorfite, 
with the exception that instead of filtering the precipitation 
of magnesium ammonium arseniate through filter paper, and 
igniting it in a platinum crucible, the precipitate was filtered 
directly through a porcelain Gooch crucible, of the pattern 
recommended by Prof. Caldwell. Owing to the fine, granu- 
lar condition of the precipitate, this requires some care, par- 
ticularly if the filter pump be used. The best results were 
obtained by first placing a layer of glass wool in the crucible 
and covering this with a layer of asbestos. -After filtering, 
the crucible with its contents was first dried on a hot 
plate until all moisture was removed, and then gradually 
heated over a Bunsen burner for an hour. In this time 
all the precipitate will be converted into magnesium pyro- 
arseniate. It is hardly necessary to state that the flame 
from the burner should not be allowed to enter the crucible 
below, lest a partial reduction of the precipitate ensue. It 
was also found advisable to allow the crucibles to stand for 
twelve hours after ignition, since the constant change in 
temperature made appreciable differences in the weigh- 
ings. The results were as follows ; ‘1209 gram of niccolite 
gave ‘1301 gram of magnesium pyroarseniate = 52°09 per 
cent. arsenic; 0°1540 gram of niccolite gave 0°1672 gram of 
magnesium pyroarseniate = 52°55 per cent. arsenic. 

The residues left after.disintegrating the fusions gave no 
reactions for arsenic. They both had a peculiar crystalline 
appearance resembling minute plates. They dissolved in 
nitric acid without any evolution of nitrous fumes, and are 
probably oxide of nickel. 

Another sample of the ore was dissolved in nitric acid, 
the excess of acid evaporated, ammonium hydrate added 
along with magnesia solution, and the arsenic determined 
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in the usual manner as magnesium pyroarseniate, the 
weighing being made in a platinum crucible, with the fol- 
lowing result: 0°2611 gram of niccolite gave 02833 gram of 
magnesium pyroarseniate = 52°52 per cent. arsenic. 

Arsenopyrite (Fe.As.S.)— The conditions under which 
arsenopyrite is decomposed are very similar to those of 
niccolite. The quantity of caustic potash used, the time 
of decomposition, the reversal of the current, etc., are pre- 
cisely the same, the only difference between them lying in 
the fact that in the decomposition of arsenopyrite it was 
found that the current might vary from one to one and one- 
half ampéres without affecting the decomposition. The 
method of determining the arsenic, as far as the Gooch cru- 
cible, etc., is concerned, was the same as under niccolite. 
Results as follows: 

0°2168 gram of arsenopyrite gave 0°1729 gram of magne- 
sium pyroarseniate = 38°6 per cent. arsenic. 

01709 gram of arsenopyrite gave 0°1356 gram of magne- 
sium pyroarseniate = 38°41 per cent. arsenic. 

The residues from the fusions, treated similarly to those 
under niccolite, showed no traces of arsenic. 

0°2306 gram of the ore were dissolved in concentrated 
nitric acid, evaporated to dryness, treated with hydrochloric 
acid and water, and any insoluble matter remaining, filtered 
off. ‘The solution was then reduced with sulphurous acid, 
the excess removed by boiling, and the arsenic precipitated 
by hydrogen sulphide. The solution was then allowed to 
stand until the odor of hydrogen sulphide was barely per- 
ceptible, and then filtered on a porcelain Gooch crucible, 
washed with cold water, carbon disulphide and alcohol, 
dried at 100° C.and weighed. The result was 47°73 per cent. 
As. As the high result could be due to but one cause, viz : 
the presence of sulphur in the precipitate, repeated treat- 
ments with carbon disulphide and alcohol were given the 
latter, but without avail. The precipitate was eventually 
dissolved in nitric acid, and the arsenic thrown out with 
magnesia solution. Found: 01856 gram of magnesium 
pyroarseniate = 38°96 per cent. arsenic. 

It will be seen from this, that the determination of arsenic 
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directly as arsenious sulphide by weighing on a porcelain 
Gooch crucible is not practicable. The method was tried with 
various other minerals, and in but one case was the result 
within limits, due more to accident than to any virtues of 
the method. The difficulty seems to lie in the fact, that the 
precipitate settles very compactly in the crucible, and pre- 
vents the carbon disulphide from obtaining more than a 
surface contact with it. In some instances, the crucible 
was placed in a beaker, covered with carbon disulphide, and 
allowed to stand for twenty-four hours, without any appre- 
ciable difference becoming manifest in the result. 

Metallic Arsenic (As.)—In the oxidation of the metallic 
arsenic, a difficulty was encountered which the previous 
minerals had been free from. It was noticed that if the 
conditions previously mentioned were followed, viz: that 
the caustic potash be brought to a state of fusion, and the 
powdered mineral added, a volatilization of some of the 
arsenic invariably occurred. In fact, so rapidly did this 
take place, that barely did the mineral come in contact with 
the fused potash, but what the garlicky odor of arsenic was 
perceptible. To obviate this loss, the following method was 
found to be the best, and, in fact, the only one that would 
give accurate results. The caustic potash was introduced 
into the crucible, carefully heated to drive out all moisture, 
and eventually brought to complete fusion. The flame was 
now removed, and the mass allowed to cool until it was 
almost solid, when the powdered arsenic was carefully 
spread over the surface of the potash. The platinum wire 
is now placed in position and the current closed. Should 
the potash have cooled to such an extent that the current 
will no longer pass through the mass, or at least only with 
difficulty, a very small flame carefully played under the 
crucible will remedy the trouble. The arsenic, if these 
directions are complied with, becomes gradually oxidized, 
and no volatilization is perceptible. After the first ten 
minutes, the crucible may be gently heated, until its con- 
tents are again in a condition of fusion, and should be kept 
in such a state until the end of the oxidation. The current 
used for the operation registered one ampére in the Kohl- 
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tausch ampéremeter when the potash was completely fused. 
At the beginning of the oxidation, the resistance offered by 
the almost solid caustic potash is so great that the current 
barely registers, but this is exactly the condition that is 
desirable for thorough results. The current was allowed to 
run for thirty minutes, being reversed for the last five 
minutes. The results are as follows: 

00974 gram of arsenic gave 01813 gram of magnesium 
pyroarseniate = go'll per cent. arsenic. 

0°1052 gram of arsenic gave 01961 gram of magnesium 
pyroarseniate = 90°23 per cent. arsenic. 

The very slight residues which remained after the 
fusions were treated with water, showed no signs of arsenic. 
The filtrates from the precipitations with magnesia solution 
were acidulated with hydrochloric acid and hydrogen sul- 
phide added, to see if possibly some of the arsenic might be 
present as arsenious acid. No trace of the latter, however, 
was found. 

Another sample of the powdered metal was dissolved in 
nitric acid, and the arsenic determined in the manner 
already indicated for the previously mentioned minerals, 
as Magnesium pyroarseniate. It yielded 90°14 per cent. 
arsenic. 

In the two determinations of arsenic in the metallic 
arsenic, given above, the magnesium pyroarseniate was 
weighed on porcelain Gooch crucibles. 

Rammelsbergite (Ni.Co.Fe.)As*.—With this mineral more 
difficulty was encountered than with any other, and the 
results that are given below were obtained only after seven- 
teen attempts at decomposition proved unsuccessful. The 
method used at first was the one which showed itself to be 
efficient for the decomposition of metallic arsenic, viz: 
25-30 grams of caustic potash and a current of one ampére 
running for thirty minutes, with five minutes reversal at 
the end of the oxidation. This proved an utter failure, as 
the residues from the fusion showed in all cases the pres- 
ence of arsenic, while the results obtained varied from 53-67 
per cent. of arsenic. A former experience having shown 
that the non-oxidation might probably be due to the enclo- 
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a sure of particles of mineral on the platinum wire, a more 

fe frequent reversal of the current was tried. Using the same 
a amount of caustic potash, and increasing the current 

‘s strength from one to one and one-half ampéres, the current | 
‘a was reversed after the first ten minutes, and allowed to run | 


in the opposite direction for three minutes. It was then 
passed up through the crucible again for five minutes, then 
again down through the platinum wire for three minutes, 
the process being continued for thirty minutes. The 
results were altogether unsatisfactory, large quantities of 
arsenic being found in the residues, 

‘The amount of caustic potash was now increased from 
25-30 grams to 40 grams, the nickel crucible used being 1} 
inches high and 2 inches wide. In six decompositions 
made under these conditions, the current in the first two 
had a strength of one ampére, in the second two, of an 
ampére and one-half, and in the last two it was increased to 
one and three-quarters ampéres, the current being reversed 
in a manner similar to the one previously tried. The 
results in all cases were of a negative order, as arsenic was 
found in all the residues. An increase of the time limit 
was now tried with satisfactory results. Using forty grams 
of caustic potash, the current was allowed to act for forty- 
five minutes. After various attempts to ascertain the best 
current strength for the purpose, it was found that a cur- 
rent that registers an ampére was the most satisfactory, and 
it should not be allowed to rise above this point, otherwise 
the decompositions are apt to be incomplete. In the oxida- 
tions given below, the current was reversed at the end of 
every ten minutes, for three minutes. Another phase of 
the operation that seems to be essential, is to have the 
mineral in as fine a condition as possible. Using the con- 
ditions just given, the residues from the fusions showed no 
arsenic, though they were most carefully examined by the 
wet method and also before the blow-pipe. The arsenic was 
precipitated as magnesium ammonium arseniate,and weighed 
as magnesium pyroarseniate in a platinum crucible, the 
filter being ignited separately after moistening with ammo- 
nium nitrate. 
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The results found were as follows: 01829 gram of ram- 
melsbergite gave 02598 gram of magnesium pyroarseniate 
= 68°76 per cent. arsenic; 0°2168 gram of rammelsbergite 
gave 03118 gram of magnesium pyroarseniate = 69°62 per 
cent. arsenic. 

Another sample of the mineral dissolved in nitric acid 
and determined as magnesium pyroarseniate gave 70°34 per 
cent. arsenic. 

Chloanthite (Ni.Co.Fe.) As*.—The mineral used for decom- 
position was a portion of the sample from Franklin, N. J., 
which was reported along with other minerals, by Dr. Koe- 
nig, in the Proceedings of the Academy of Natural Sciences 
of Philadelphia, 1889, 184. The decompositions were made 
contemporaneously with those of rammelsbergite, and for 
this reason many of the unsuccessful steps which were 
made with the latter mineral were also made with the chlo- 
anthite. The first oxidations were made with a current of 
one ampére, using 25-30 grams of caustic potash, and 
allowing the current to run for thirty minutes. As with 
the rammelsbergite, so here, too, only diverse results were 
obtained. Reversing the current every five minutes, after 
the first ten minutes, brought about a similar condition of 
affairs. The results were from five to six per cent. low. 
The addition of copper oxide, as recommended by Dr. 
Smith in the oxidation of pyrite (/ournal of the Franklin 
Institute, proceedings of the Chemical Section, vol. 2, p. 
62) was now tried. The quantity of caustic potash used 
being increased at the same time, with one sample of the 
chloanthite, an equal amount of copper oxide was mixed, 
and with another sample double the quantity of copper 
oxide. The other conditions were a current of one and one- 
half ampéres, a time limit of thirty minutes, with reversals 
of the current after the first fifteen minutes, and forty grams 
of caustic potash. This combination of conditions gave no 
better results than the previous one. Satisfactory results 
were eventually obtained under the following conditions, 
the copper oxide being dispensed with entirely: The cur- 
rent was not allowed to register above one ampére, and the 
best results will be obtained if it is kept slightly below this 
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mark. Thirty minutes was found to answer for complete 
decomposition, but for the sake of certainty, it is advisable 
to allow the current to run for forty-five minutes, reversing 
it during the last five minutes. The amount of caustic 
potash used was forty grams. The results obtained were as 
follows: 0'2332 gram of chloanthite was decomposed as 
above. The fusion was treated with hot water and filtered. 
The filtrate was acidulated with hydrochloric acid, and 
warmed to expel the carbon dioxide present. On cooling, 
the arsenic was reduced with sulphurous acid, and after the 
expulsion of the excess of sulphurous acid, was precipitated 
with hydrogen sulphide in the cold. The precipitate of 
arsenious sulphide was filtered in a Gooch crucible, after 
the solution had stood until it barely had the odor of 
hydrogen sulphide, and washed with cold water. The cru- 
cible and its contents were then placed in a beaker, carbon 
disulphide added and allowed to stand twenty-four hours. 
The crucible was then removed from the beaker, its con- 
tents washed with alcohol, then with cold water, and finally 
dried for six hours at 105° C.; 0'2710 gram of arsenious 
sulphide was found = 70°84 per cent. arsenic; o'2899 gram 
of chloanthite treated in the same manner as the preceding 
gave 0°3325 gram of arsenious sulphide = 69°93 per cent. 
arsenic. 

In the sample of the mineral analyzed by Dr. Koenig and 
reported by him, he found 70°66 per cent. arsenic. 

As will be seen from the above, accurate results were 
obtained by weighing the arsenic as arsenious sulphide. 
They are, however, but two out of a large number of deter- 
minations that were made in porcelain Gooch crucibles, 
and the only two which gave results sufficiently close to be 
utilized. The amount of sulphur precipitated with the 
arsenious sulphide must have been very small, otherwise 
the results, owing to the inefficacy of the carbon disul- 
phide, would assuredly have been high. For this reason, 
the author cannot recommend the method for general use. 

The residues from the fusions were carefully examined 
for arsenic but none was found to be present. 

Smaltite (Co.Ni.Fe.) As*—From the experience gained 
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with rammelsbergite and chloanthite, it was found very 
easy to oxidize the smaltite. The mineral used for the 
purpose was mixed with gangue, and therefore was first 
broken up, and the smaltite picked out as carefully as possi- 
ble by hand. The resultant material, as shown by the 
analyses, still contained impurities. The conditions for 
oxidation are as follows: A current of one ampére with the 
restrictions imposed under chloanthite, a time limit of forty. 
five minutes, and forty grams of caustic potash. Using 
those conditions, the oxidation is complete, the residues 
showing not the least trace of arsenic. The results obtained 
were as follows: 

0°2233 gram of smaltite gave 02813 gram of magnesium 
pyroarseniate = 60°98 per cent. arsenic. 

0°1790 gram of smaltite yielded o°2199 gram of magnesium 
pyroarseniate = 59°47 per cent. arsenic. 

The method of procedure resembled one already given. 
The fusion was acidified with hydrochloric acid, then made 
alkaline with ammonium hydrate, and the arsenic pre- 
cipitated with magnesia solution, being finally weighed in 
a platinum crucible. In the latter of the two determi. 
nations, the garlic odor of arsenic was noticeable on igniting 
the filter paper, although it had previously been thoroughly 
saturated with a concentrated ammonium nitrate solution. 
This accounts for the slightly low result obtained, but it 
was not thought necessary to repeat the operation, since the 
residue showed that the oxidation was complete. 

0°3136 gram of the ore, dissolved in nitric acid, and the 
arsenic determined as magnesium pyroarseniate in a plati- 
num crucible, gave 0°3929 gram of magnesium pyroarseniate 
= 60°65 per cent. arsenic. The difference in percentage 
from the theoretical amount is due to the impurities in the 
mineral. 

A study of the composition of rammelsbergite, chloan- 
thite and smaltite will show several points of interest. It 
will be seen from their formule that they each contain two 
atoms of arsenic to the molecule, while niccolite, cobaltite, 
arsenopyrite, etc., either have one atom of arsenic tuo the 
molecule or have one atom of arsenic replaced by sulphur. 
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Returning to the study of the conditions necessary for 
oxidation, it will be remembered that the amounts of 
caustic potash necessary, and the extents of time, were 
larger for the first three minerals than for any of the 
others, while the oxidations seem to proceed with greater 
difficulty. A cause for this that might be advanced, is that 
the oxides of the metals are united with greater tenacity to 
two arsenic atoms than they are to one, and require a 
greater expenditure of force for their separation. A some- 
what similar occurrence was noticed by Dr. Smith in the 
oxidation of the metallic sulphides. Pyrrhotite, whose 
formula is in all probability either Fe,,S,, or FeS, is decom- 
posed with great readiness, while pyrite, which contains 
two atoms of sulphur to the molecule, succumbed only after 
repeated and many fruitless trials. What might be consid- 
ered a curious feature in the oxidation of these arsenides is 
the fact that those containing two atoms of arsenic to the 
molecule are decomposed more readily by weak currents 
than they are ‘by strong ones, while with the arsenides con- 
taining but one atom to the molecule, either strong or weak 
currents are equally efficacious. The only explanation 
that there is to offer for this seeming anomaly, is the one 
already given, viz: the enclosure of particles of metal on 
the platinum wire. In those arsenides containing but one 
atom of arsenic to the molecule, the decomposition is in 
all probability so rapid, that any enclosure of the mineral 
on the wire is practically impossible. In minerals like 
rammelsbergite and chloanthite we may assume that the 
decomposition proceeds by much slower stages, so that if 
the current is sufficiently strong to deposit metal on the 
cathode, there is constantly present sufficient undecomposed 
mineral to be enclosed in the deposited metal. 

Cobaltite (Co.Fe.)As.S.—This mineral was decomposed 
with great ease, a result to be expected if we trace the simi- 
larity in composition between it and such minerals as gers- 
dorfite, niccolite,etc. The conditions for oxidation are very 
similar to those of gersdorfite, with the difference, that 
while, in the latter, the current was allowed to run only for 
twenty minutes, in the decomposition of cobaltite it ran for 
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thirty minutes, with a five minutes reversal at the end. 
Otherwise the conditions for oxidation and for the subse- 
quent decomposition of the fusion and the estimation of 
the arsenic, are the same as for gersdorfite. The magne- 
sium pyroarseniate was weighed in platinum Gooch cruci- 
bles, the method being very accurate, owing to the fact that 
there is no possibility for any volatilization of the arsenic, and 
more rapid than weighing in a porcelain Gooch crucible, 
since the platinum crucible attains a constant temperature 
in a very short period of time. The results obtained were 
as follows: 

0°1032 gram of cobaltite yielded o*1006 gram of magne- 
sium pyroarseniate = 47°2 per cent. arsenic. 

0°1326 gram of cobaltite yielded 0°1313 gram of magne- 
sium pyroarseniate = 47'93 per cent. arsenic. 

0°2250 gram of the same ore was dissolved in nitric acid, 
the acid evaporated, the solution made alkaline with ammo- 
nium hydrate, and the arsenic precipitated with magnesia 
solution. The resultant magnesium ammonium arseniate 
was ignited in a porcelain Gooch crucible and gave 0°2229 
gram of magnesium pyroarseniate = 47°96 per cent. arsenic. 

Orpiment (As,S,).—The preliminary investigations made 
with this mineral showed that it came under the same cate- 
gory as the metallic arsenic. When the finely powdered 
mineral was introduced into the molten caustic potash, a 
volatilization of the arsenic, recognizable by its odor, 
occurred. The precautions given under metallic arsenic, 
regarding the cooling of the caustic potash and the regu- 
lation of the current, were then introduced, with successful 
results. Some difficulty may at first be experienced in 
obtaining correct control of the operation, but a few oxida- 
tions will give the operator sufficient experience to bring 
the decomposition to a successful completion. The condi- 
tions best adapted for the work are a current of one ampére, 
25-30 grams of caustic potash, the current being allowed to 
run for thirty minutes. Using these conditions, no arsenic 
was found in the slight residues which remained after 
decomposing the fusion, nor was any odor of arsenic per- 
ceptible during the entire course of the operation. 
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0°1443 gram of orpiment, decomposed according to the 
directions, gave 01761 gram of magnesium pyroarseniate 
= 59°08 per cent. arsenic. 

0°1044 gram of orpiment yielded 012805 gram magne- 
sium pyroarseniate = 59°38 per cent. arsenic. 

0°2233 gram of the same ore, dissolved in nitric acid, and 
weighed as magnesium pyroarseniate in a platinum crucible, 
yielded 0°2755 gram of magnesium pyroarseniate = 59°72 
per cent. arsenic. 

Proustite (Ag,AsS,).—But a very small quantity of the min- 
eral was available for analysis, and even that was inti- 
mately mixed with argentite. No attempt was therefore 
made to extract the former mineral by hand-picking, but the 
entire mixture was placed in an agate mortar and ground, 
the grindings then being passed through a sieve. This 
removed all the proustite with some of the argentite, the 
greater portion of the latter remaining behind as flattened 
plates. Sufficient argentite, however, remained with the 
proustite, to reduce in a considerable measure the percent- 
age of the arsenic, and the deviation of the results from the 
theoretical percentage is attributable to this cause. Suffi- 
cient material was not at hand to make a check analysis, by 
dissolving the mineral in nitric acid and determining in the 
usual way, but as the residues were most carefully exam- 
ined for arsenic, and as none was found to be present, the 
natural conclusion arrived at was, that the decomposition 
was complete. No loss of arsenic was noticeable during 
the entire operation, and the closeness of the results indi- 
cates that the decomposition of this mineral by the electric 
current can be accomplished as successfully as any one of 
those previously described. The conditions for oxidation 
were as follows: A current of one ampére running for 
thirty minutes, the current being reversed during the 
last five minutes. The amount of caustic potash used 
was 25-30 grams. Below will be found the results ob- 
tained: 

1°1589 gram of proustite, weighed as magnesium pyro- 
arseniate in a porcelain Gooch crucible, gave 0'0147 gram of 
magnesium pyroarseniate = 4°48 per cent. arsenic. 
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0°2255 gram of proustite yielded o'0249 gram of magne- 
sium pyroarseniate = 5°34 per cent. arsenic. 

Besides these" minerals already recorded, several others 
were subjected to oxidation by the current, but owing to 
lack of material for the continuance of the work, satisfac- 
tory conclusions were not reached. The results are, how- 
ever, of interest, and are, therefore, here appended. 

Domeykite in Niccolite, n(Ni.As.) + m(Cw*As.)—The mineral 
used for oxidation came from Michipicoten Island, and was 
a small section of a specimen in the mineral collection of 
the University of Pennsylvania, labelled whitneyite. Two 
oxidations of the mineral, in which the residues still showed 
arsenic, gave, to the surprise of the author, 35°3 per cent. 
and 40°04 per cent. of arsenic, respectively, showing that 
the mineral could not be whitneyite, since this should 
contain theoretically 11°64 per cent. of arsenic. A later 
oxidation gave, using 0°2207 gram of the mineral, 0'2016 
gram of magnesium pyroarseniate = 44°22 per cent. arsenic. 
25-30 grams of caustic potash were employed, with a cur- 
rent of one to one and one-half ampéres, for thirty minutes, 
reversing the current at the end for five minutes. In this 
oxidation no trace of arsenic was found in the residue. On 
reporting the results obtained to Dr. Koenig, he made an 
analysis of another sample, by dissolving the mineral 
in nitric acid, and found it to contain 47 per cent. of 
arsenic. This result is, however, not inharmonious with 
the last one obtained by the current, since, in a fresh frac- 
ture of the mineral, the niccolite and domeykite can be seen 
lying alongside of each other. Owing to this non-homo- 
geneity, the sample analyzed by Dr. Koenig may have con- 
tained more niccolite than the one used for oxidation by 
the current, and gave proportionately a higher percentage 
of arsenic. Unfortunately, the scarcity of the mineral 
necessitated the discontinuance of the work, and the ques- 
tion of complete oxidation is still in doubt. The few per 
cent. difference in the results obtained by the two methods, 
however, indicates that the decomposition can be success- 
fully accomplished under the conditions mentioned above. 

Enargite (3C#’S.ASS*).—The material used for decompo- 
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sition contained an admixture of gangue, and as with the 
domeykite, not sufficient of the substance was obtainable 
to settle thoroughly the question of oxidation. As the per- 
centage of arsenic found, however, is within the neighbor- 
hood of what the mineral ought to contain, and as no 
arsenic was detectable in the residue from the fusion, the 
result obtained is here appended, without any definite state- 
ment regarding the thoroughness of the method. The 
amount of caustic potash used in the oxidation was 25-30 
grams, the currentstrength one ampére, with a reversal of the 
current at the end of the operation for frve minutes. The 
arsenic was determined by weighing as magnesium pyro- 
arséniate on a porcelain Gooch crucible. 

0°2840 gram of enargite gave 00770 gram of magnesium 
pyroarseniate = 13°12 per cent. arsenic. 

The theoretical percentage of arsenic in the mineral is 
19'I per cent. If we remember, however, that the sample 
used contained gangue material, and that no arsenic was 
found in the residue, it is but fair to assume that the result 
lies within the limits of error, and that the oxidation is 
complete. No positive statement, however, can be made. 


A study of the methdds used for the determination of 
the arsenic in the various oxidations, will be of interest. 
As has already been stated, the determination of the 
arsenic as arsenious sulphide, by weighing on a porcelain 
Gooch crucible, cannot be recommended, owing to the great 
difficulty experienced in removing the sulphur with which 
the precipitate of arsenious sulphide is contaminated. The 
more common method of weighing the arsenic as magne- 
sium pyroarseniate was found to be accurate, if the condi- 
tions laid down for this determination are complied with, 
the method requiring at the same time great care. In the 
incineration of the filter from the magnesium ammonium 
arseniate, constant vigilance was required to prevent a vola- 
tilization of a portion of the arsenic, even though the filter 
had been previously saturated with a concentrated ammo- 


nium nitrate solution. And in many cases it was necessary 


to moisten the burnt filter several .times with the solution 
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before it could be completely reduced to ash. Weighing 
the precipitate on either a platinum or porcelain Gooch 
crucible removes these sources of error, and is, of all the 
methods so far mentioned, the most to be recommended. 
In the precipitations with magnesia solutions, it was noticed 
that the presence of large quantities of alkaline salts have 
a tendency to materially retard the precipitation of the 
Magnesium ammonium arseniate, and it became necessary 
to allow the solution to stand at least forty-eight hours 
before the precipitation was complete. For this reason, 
where large quantities of alkaline salts are known to be 
present, for example, the caustic potash used in the fusion, 
it may be more advisable to reduce the arsenic with sul- 
phurous acid, precipitate it as arsenious sulphide, filter and 
wash, and then reconvert it into arsenic acid and determine 
as Magnesium pyroarseniate. 

Owing to the time and care required in the above deter- 
minations, the method described in Sutton’s Volumetric Analy- 
sis, sixth edition, as recommended by Pearce, of the Colorado 
Smelting Company, was tried. The substance of the 
method is as follows: “The arsenic brought into the form 
of alkaline arseniate is acidified with nitric acid, and boiled 
to remove carbon dioxide and nitrous fumes. It is then 
cooled to the ordinary temperature, and almost exactly 
neutralized as follows: Place a small piece of litmus paper 
in the liquid; it should show an acid reaction; now grad- 
ually add strong ammonia until the litmus turns blue, avoid- 
ing a great excess. Again make slightly acid with a drop 
or two of strong nitric acid, and by means of very dilute 
ammonia and nitric acid, added drop by drop, bring the 
solution to such a condition that the litmus paper, after 
having previously been reddened, will, in the course of half 
a minute, begin to show signs of alkalinity. The litmus 
paper may now be removed and washed, and the solution, if 
tolerably clear, is ready for the addition of silver nitrate. 
If the neutralization has caused much of a precipitate 
(alumina, etc.), it is best to filter it off at once, to render the 
subsequent filtration and washing of the arseniate of silver 
easier, ——.” The latter portion of the process consists in 
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determining the silver in the silver arseniate, and calculating 
the percentage of arsenic from the amount of silver found. 

A number of determinations were made by the author to 
ascertain the value of the method, but all of the attempts 
made resulted in failure. It was found well nigh impossible 
to tell by the color of the litmus paper whether the solu- 
tion was acid or alkaline. In several cases, methyl orange 
was used as an indicator, and while the solution was made 
slightly alkaline, as recommended by Pearce, the addition of 
ammonia to the filtrates invariably brought down consider- 
able quantities of silver arseniate, and the results obtained 
were proverbially low. The silver was not determined by 
titration, as recommended by Pearce, but by electrolysis. 
The best result obtained by this method, with the details of 
the operation, are given below : 

A sample of rammelsbergite was decomposed under the 
conditions mentioned for that mineral. The fusion was 
decomposed with hot water, the insoluble material filtered 
off, and the clear filtrate acidified with nitric acid and boiled 
to remove the carbon dioxide. On cooling, ammonium 
hydroxide was added, the precipitated alumina, etc., filtéred 
off, and the additions of dilute nitric acid and dilute ammo- 
nia made according to Pearce’s direction, until the solution 
became faintly yellow, methyl orange having been used as 
an indicator. Silver nitrate was now added, the solution 
stirred, and the precipitate of silver arseniate filtered off. 
The addition of a drop of ammonium hydrate to the clear 
filtrate gave a further precipitation, and ammonia was, 
therefore, added until the precipitation was supposed to be 
complete. The two precipitates were then united, washed 
with cold water, dissolved in nitric acid and the excess of 
acid evaporated. To the solution, ammonium hydrate was 
added until the solution became alkaline, and then an excess 
of potassium cyanide, the solution electrolyzed and the 
resultant silver weighed. 64°21 per cent. of arsenic was 
found, the same sample giving, by the pyroarseniate method, 
70°34 per cent. arsenic. 

The author believes that with continued practice, suffi- 
cient dexterity might be obtained with the method to obtain 
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accurate results, but it is hardly one that could be recom- 
mended for work outside of a technical laboratory, where 
absolute accuracy is not so essential a feature, as that the 
results should be correct, relatively, to each other. 


A comparison of the oxidation of the metallic sulphides 
with that of the metallic arsenides shows several points of 
difference. In the oxidation of the sulphides, it was 
observed by Dr. Smith that the process took place in three 
stages, the sulphur being first oxidized to hydrogen sul- 
phide, then to sulphurous acid and eventually to sulphuric 
acid. A similar state of affairs was not observed with the 
arsenides, and the oxidation evidently proceeds directly 
from metallic arsenide to arsenic acid. Even in samples 
where the oxidation had not been complete, and where the 
residues still showed undecomposed material, the filtrates 
from the fusion showed no trace of arsenious acid after the 
alkaline arseniate had been removed by precipitation with 
magnesia solution. 

In conclusion, the author would here express his sense 
of deep obligation to Dr. Edgar F. Smith, for his unremit- 
ting kindness during the progress of the above work, and 
for his constant help in assisting its completion. 

Thanks are also due to Dr. George A. Koenig for samples 
of minerals, and to Mr. D. L. Wallace, of this laboratory, 
for assistance rendered in the oxidations. 


UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, August 3, 1891. 
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PROCEEDINGS 


OF THE 


ELECTRICAL SECTION 


OF THE 


FRANKLIN INSTITUTE. 


|Proceedings of the stated meeting of the Electrical Section, held Tuesday, 
November 3, 1891.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 3, 1891. 


Prof. Epwin J. Houston, President, in the chair. 


Present, thirty-five members and visitors. 

The minutes of the previous meeting were read and approved. 

The Treasurer's bill for printing and clerical work was approved and 
ordered paid. 

Four nominations to membership were referred to the Committee on 
Admissions, who reported one election since last meeting. 

Prof. Edwin J. Houston read a paper, entitled ‘‘Is Actinism a Species of 
Electrolysis ?’’ Referred for publication. 

Mr. Willyoung presented a communication on “ Resistance Standards : 
their Manufacture and Adjustment.” Referred for publication. 

Mr. W. H. Edgerton described ‘‘Some Proposed Improvements in the 
Secondary Battery.” 

Mr. W. W. Jennings, under the title of ‘ Jove’s Autograph,” exhibited 
and described a large and very interesting collection of lantern slides from 
lightning photographs, most of which were taken by himself; these showed 
the electrical discharge in many curious shapes, but with an entire absence 
in all of them of the zigzag form commonly seen in pictorial representations. 

The following nominations were made for officers for the year 1892: 

President—Prof. Edwin J. Houston. 

Vice-President—Messrs. C. W. Pike and Carl Hering. 

Secretary—Prof. L. F. Rondinella. 

Treasurer and Conservator—Dr. Wm, H. Wahl. 

The meeting then adjourned. 
L. F. RONDINELLA, Secretary 
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Is ACTINISM a SPECIES or ELECTROLYSIS? 


By Pror. Epwin J. Houston. 


[Read at the stated meeting, held November 3, 1891.) 


In the present paper I have arranged and amplified the 
substance of the informal remarks made at the last meeting 
of the section, concerning the possible identity of actinism 
in the growing leaf, when exposed to the sunlight, and 
electroiytic decomposition. 

In the growing leaf, in sunshine, a series of complex 
decompositions occur, which result finally in the deposition 
of carbon and the evolution of free oxygen. 

Assimilation in plants consists, with few exceptions, in 7 ask, 
a process of deoxidation. The food materials absorbed by *) ee 
plants are generally highly oxidized substances, which are “& 
deoxidized during assimilation. This assimilation takes 44 
place mainly in cells containing chlorophyll, and this, almost i 
without exception, occurs only in the presence of sunlight. 

Sachs, in his 7ert-Book of Botany, says: “It is only the he 

_cells that contain chlorophyll, and these only under the oe 
influence of sunlight, that have the power of decomposing 
the carbon dioxide taken up by them, and, at the same time, 
setting free an equal volume of oxygen, in order to produce 
organic compounds out of the elements of carbon dioxide 
and water; or, in other words, to assimilate.” 

In nearly every species of plants the leaf is presented 
with one of its faces towards the sunlight, so that one face 
is illumined and the other non-illumined; or, at least the 
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illumination of one face exceeds the illumination of the if 
opposite face. This latter is especially the case with leaves i. 
that are formed of comparatively transparent substances. 4 % 
That differences of potential exist in the various parts of iu 

a growing plant is a fact that is now generally recognized. ; es 
Too little, however, has been done in this direction to a e 
ascertain the exact character of these differences of poten- : 4 
tial. 
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Probably one reason so little is correctly known to-day 
concerning the differences of potential of growing plants, 
arises from the fact that such differences of potential can 
be brought about by so many different causes, that probably 
the differences of potential arising from one cause or set of 
causes, mask or neutralize those produced by another cause 
or set of causes. 

I desire in the present paper briefly to call attention to 
another probable source of difference of electric potential, 
that may still further mask or render difficult of detection 
the differences of potential existing naturally in growing 
plants. 

Before doing this, however, I will briefly review some of 
the more important causes which produce differences of 
potential in growing plants. The principal of these are as 
follows, namely : 

(1) Various chemical processes that occur in the cell 
walls of the growing plant. 

(2) Molecular movements of liquids throughout the 
plant, which result in the production of diaphragm cur- 
rents. These molecular movements may either be those 
caused during the growth of the plant, or may be caused 
by the mere bending of the plant, by the wind, or other 
cause external to the plant. 

(3) Differences of potential developed in plants which 
would result in currents of the general character of the 
demarcation currents observed in animals; that is, currents 
due to the chemical action of the various liquid materials 
exuded at the surfaces of injured or abnormal plant 
tissue. 

(4) Differences of potential due to the evaporation of 
moisture from the surfaces of the leaves, derived either 
from the rain or dew, or from the evaporation of liquid sub- 
stances given off from the body of the plant. 

(5) Differences of potential arising from the electrolytic 
decomposition of carbonic acid, or the various forms which 
carbonic acid derivatives assume during assimilation. 

The causes above enumerated, refer to the differences of 
potential that have their seat in the structure of the plant 
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itself. Another source of differences of potential is to be 
found in the differences of electric potential that generally 
exist between the atmosphere that surrounds the plant, and 
the earth or soil in which it grows. These differences of 
potential being neutralized in the various parts of the plant 
itself would, of course, result in the production of electrical 
currents. 

I desire to call.special attention to the fifth head under 
which I have classed differences of electric potential in 
plants, viz: those arising from the electrolytic decomposi- 
tion of the various oxygenated carbon compounds, derived 
mainly, if not entirely, from the carbonic acid of the atmos- 
phere. 

That the action of sunlight on growing plants should par- 
take of the nature of electrolytic decomposition is, perhaps, 
to be inferred from the general views now held in accord- 
ance with Hertz’s theory as to the identity between sunlight 
and electro-magnetic radiations or waves. 

These remarks should be regarded merely as suggestions 
made in the line of further investigations. 

As far as our knowledge of growing plants extends 
the oxygen which results during the general process of 
deoxidation, under the influence of sunlight appears to be 
evolved mainly from the non-illumined or darker face of the 
leaf, while the carbon, or the less highly oxidized carbon 
compounds, which are utilized by the plant for the produc- 
tion of its woody fibre and woody tissue, though afterwards 
deposited in all parts of the leaf, are probably mainly liber- 
ated at or near the illumined face. 

If these facts be as above-mentioned, the decomposition 
in the leaf under the action of sunlight, of the carbonic 
acid, or its derivative compounds probably partakes of the 
nature of electrolytic decomposition. 

In this direction I would suggest the following lines of 
investigation, namely : 

(1) To ascertain experimentally whether there exists on 
the opposite faces of a growing leaf, when exposed to the 
full action of sunshine, a difference of electric potential 
resulting from the polarization which always accompanies 
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electrolytic decomposition; and if this be so, what is the 
nature of such polarization. 

If such differences of potential actually exist, it would 
of course follow, that the illumined face of such leaves, 
under polarization, would be mainly electro-negative, since 
it is at or near this face that the carbon and less highly 
oxidized carbon compounds appear, while the dark or less 
illumined face would be electro-positive, since it is here, for 
the greater part, that the oxygen is liberated. 

(2) Whether electrodes suitably connected to the oppo- 
site faces of a growing leaf in the presence of sunshine, 
will show the presence of an electric current arising from 
an equalization of the difference of electric potential. 

The value of these differences of potential on the oppo- 
site faces of growing leaves, might, of course, be ascertained 
by the proper use of an electrometer. 

(3) Whether a suitable leaf-battery could not be devised, 
by connecting, in alternate succession, the opposite faces of 
a series of leaves on a plant-stalk. 

That is to say, connect the illumined face of one leaf with 
the non-illumined face of another leaf, and so on in series until 
any feeble differences of electric potential that there might 
exist are sufficiently multiplied to sensibly affect the needle 
of a galvanometer. 

(4) A comparison of the effects of sunlight and arti- 
ficial light, such as the electric light, on such electrolytic 
decompositions. 

(5) Whether any differences exist in the case of the light 
produced by an alternating-current are light and that pro- 
duced by a constant-current arc light. 

(6) Supposing the presence of the differences of electric 
potential due to the electrolytic decomposition, to be 
established, and the direction of the electric currents so 
produced, known, to ascertain whether an electric current 
led through the plant in the same direction as the current 
produced by actinism, would not tend to increase the assim- 
ilation and the subsequent growth of the plant; and, 
whether, on thecontrary, an electric current sent in the oppo- 
site direction through the growing leaf would not tend to 
check such assimilation or growth. 
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According to some experiments recently made in France, 
it was shown that electric currents sent through plants 
under certain circumstances promoted growth. These 
currents were sent through the soil in which the plants 
were growing, by electrodes placed in the soil. The 
nourishing substances in a quantity of manure, placed near 
one of the electrodes, were clearly carried in the line of 
the current, or between the electrodes. 

(7) To ascertain experimentally whether the converse of 
the proposition is true : namely, whether an electric current 
of approximately the same strength as that produced by 
actinism, when sent through the leaf in the opposite direc- 


tion, would not result in the production of luminous phe-~ 


nomena in the leaf. 

The following facts, well recognized in botany, would 
seem to show, to some extent at least the presence of a 
species of polarization in certain plants during active 
growth in sunshine. 

In the case of those plants which bend or become con- 
cave on the side the most exposed to light: This curvature 
is due to the fact that a smaller growth occurs on the 
illumined than on the dark side. This is well recognized 
in botany, and such plants are called in general Aeliotropic 
plants. Since they are for the most part highly transparent, 
considerable light must therefore pass through their entire 
structure, and the difference in the illumination: between 
the light and dark faces must be comparatively slight. This 
shows that such differences in growth may occur under com- 
paratively small differences of illumination. 

In the case of plants that turn toward the sun: It is a 
well-known fact that some plants turn towards the light. 
Itis possible that this motion is-in some manner the result 
of the polarization effected, during growth, by the sunlight. 

In a series of experiments concerning the effects of the 
electric light on plant growth, made at the Experimental 
Station of Agriculture of the Cornell University, some 
important facts were discovered concerning electric plant- 
culture. 

These experiments seem to show that electric light pro- 
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motes plant assimilation, and sometimes hastens plant 
growth and therefore maturity. 

The Cornell experiments made during 1889 and 1890 were 
with the light of aconstant current Brush arc lamp... Those 
made during 1891 were with the light of a Westinghouse 
alternating current arc lamp. 

It would seem to be a matter of considerable interest in 
the case of these experiments to ascertain definitely, whether 
any marked differences exist between the action of the light 
produced by a steady current and that produced by an 
alternating current. In the line of investigations here 
suggested, it would of course seem as if the electric decom- 
position would be less marked in the case of the light pro- 
duced by an alternating current than that produced by a 
steady current. And that therefore in those cases where 
the electric light of the steady current had proved to be 
injurious to the growth and assimilation of the plants, that 
with the alternating current light such injurious effects 
should be less marked. 


CORRESPONDENCE. 


Tue PATH or A PROJECTILE. 


To the Committee on Publications : 


Capt. Ingalls, in the November impression of the JOURNAL, takes the 
occasion to say that the equations given in my October article are to be found 
in his treatise on Bad/istics. 1 desire to state in reference to the subject that 
the equations given by me were deduced independently of Capt. Ingall’s 
work, and without knowledge of its existence. 

I merely stated that the equations were not generai/y given in treatises 
on mechanics, which statement virtually implied that they had been given 
before. Capt. Ingalls, however, was not the first to give these equations, 
although he seems to imply it. If Capt. Ingalls will refer to Newton's Prin- 
cipia, book second, proposition four, and translate its geometrica] language 
into analytical symbols, he will obtain all the equations that he has given on 
the subject. Very respectfully, 

F, GILMAN. 


Lowell, Mass., November 16, 1897. 
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BOOKS RECEIVED. 


[In sending books for notice in the /Journa/, publishers are requested, for 
the information of the reader, as well as for their own advantage, to give 
the price. This announcement by title will be followed, in most cases, by a 
‘review, which will appear at the earliest opportunity. ] 


A Practical Guide to the Testing of Insulated Wires and Cables. By Herbert 
Laws Webb. New York: D. Van Nostrand Company. 1891. 12mo, 
pp. 8-118. 

How to Make Inventions or Inventing as a Science and Art. Edward P. 
Thompson. New York: D. Van Nostrand Company. 1891. 8vo, 
pp. 161. 

The Practical Catechism. A collection of questions on technical subjects, 
* * * By Robert Grimshaw. New York: John Wiley & Sons. 1891. 
24mo, pp. 296. Price, $1.25. 

Experiments and Researches on Trap Siphonage. Presented at the Eigh- 
teenth Annual Meeting of the American Public Health Association, 1890. 
By James E. Denton. Concord: Republican Press Association. 1891. 
8vo. Pamphlet. 

Modern Practice of the Electric Telegraph. By Franklin Leonard Pope. 
New York: D. Van Nostrand Company. 1891. 8vo. 

The Eleventh Census. An Address delivered before the American Statis- 
tical Association. By Robert P. Porter. Boston, October 16, 1891. New 
York Engraving and Printing Company. 1891. 8vo. Pamphlet. 

John Wiley & Sons announce the early publication of Zhe Engine Runners’ 
Catechism, telling how to erect, adjust and run the principal steam 
engines in use in the United States ; being a sequel to the author's Steam 
Engine Catechism. (Profusely illustrated.) By Robert Grimshaw, M.E. 
(18mo. Cloth. Price, $2.00.) Also a ninth edition of 7he Steam Engine 
Catechism, by the same author. (18mo. Cloth. Two volumes in one. 
Price, $2.00.) Also, Roofs and Bridges. Part 3. By Prof. Mansfield 
Merriman. 


BOOK NOTICES. 


A Short Manual of Analytical Chemistry. Qualitative and Quantitative ; 
Inorganic and Organic. By John Muter, M.A., Ph.D., F.R.S.E., F.L.C., 
F.C.S., etc. Edited by Claude Hamilton, M.D., Ph.G., Prof. of Anal. 
Chem. in the Min. Med. Col., and Kansas City Col. of Pharmacy, etc. 


The treatise attempts to cover a very wide range of practical or laboratory 
instruction, in¢luding qualitative and quantitative mineral analysis, detection 
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of the alkaloids and more commonly occurring glucosides, ultimate organic 
analysis, special schemes for drug analysis, urinary analysis, analysis of 
water, air and important foods, together with gas analysis, and the methods 
of the polariscope and spectroscope. 

It is obvious that some parts of this wide field can only be touched upon 
in the most superficial way. 

The qualitative tests seem to be full and satisfactory, notably those for the 
acid radicals, the volumetric methods are also quite complete, the quantita- 
tive sections, however, are hardly more than an outline, while the sections 
on gas analysis and the polariscope might as well have been omitted for any 
practical value they will possess to the student. 

The book is, however, a valuable compend of information for the student 
of analytical chemistry. S. P. S. 


Hints to Power Users. By Robert Grimshaw. New York: Cassell Publishing 
Company, 1891. (pp. 160. $1.00.) : 


The sub-title perhaps more fully explains the intended use of the work, 
and better than any other language would: it is ‘‘ Plain, practical pointers, 
free from high science, and intended for the man who pays the bills.”’ 

The advice given is directly to the point, and the book is a good one to 
be put in the hands of the engine or boiler man about an establishment, 
after the man who pays the bills has read it. The range covered is, as the 
author puts it, “ from the ash-pit to the exhaust head," and he might have 
added “ taking in all the rest of the mill.” H. W.S. 


The Patent Franchise in the United States. By G. H. Knight. Temple Court, 
New York City. (Author, April, 1891.) 


It is rarely that any concise publication handles an important subject 
so well as this. In twenty-four handsomely printed pages, Mr. Knight has 
given a clear and exact statement of the history of the recognition of prop- 
erty in inventions by protective legal enactments, and the development of 
public sentiment toward such protection; moreover, he has done so ina 
very entertaining way and so far as the opponents to patent protection of 
invention are amenable to reason, he has disarmed them by an array of indis- 
putable facts. 

No one can attentively read Mr. Knight's little book without realizing 
that every inhabitant of this country has either directly or indirectly been 
benefited by the legal recognition of the patent franchise, although there 
are doubtless many who don’t know it, and demagogues ready to work 
upon their ignorance have raised prejudices against the patent system. 
In one particular this work is eminently worthy of public attention, it is in 
the plea it makes for appropriation by Congress of sufficient money, out of 
the millions accumulated in the treasury from inventors’ fees in excess of 
expenses, to enable the Patent Office to prepare and publish classified 
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abridgments of the patents already granted, and to adequately remune- 
rate a competent examining corps. 

If a portion of the attention, energy and time now expended in Congress 
in cultivating the opportunities of political placemen could be devoted to the 
material interests fostered by the patent laws, such action might be hoped for, 
but the inventors and patentees have no lobby. Mr. Knight is working ably 
in the right direction in a good cause, in which the Franklin Institute has 
distinctly and repeatedly defined its position; he deserves the hearty co-ope- 
ration of every intelligent citizen, and should succeed. . Ss. L. W. 


Prof. R. Koch's Method to Cure Tuberculosis. Popularly treated by Dr. Max 


Birnbaum. Translated from the German. Milwaukee, Wis., H. E, 
Haferkorn, 1891. 


The translator, in his preface, makes the cheering announcement 
that consumption can be cured, presumably by Koch’s lymph. This 
announcement is as yet premature, for although “tis a consummation 
devoutly to be wished,”’ the statement is scarcely sustained by the results of 
the many practical tests that have been made. 

The book is a very interesting and readable one, and without being at all 
verbose, is one of the most complete essays on tuberculosis and its ravages, 
and one that may warmly be recommended to the student of medicine, since 
the author states clearly and concisely the nature of the dread malady 
together with the parts most frequently attacked by it. While not agreeing 
with the author in all his ideas with regard to the inception of tuberculosis, 
the writer can, however, most cordially agree with him and recommend his 
ideas regarding the hygienic measures which he advises for the prevention 
of the development of, and as assistants to, the cure of the disease. Means 
which tend to build up the physical health where a predisposition to this 
disease exists, act upon the same principle as a reinforcement to an army 
which is being besieged by an enemy—whichever side is the stronger must 
hold the other in check; and in this almost universal and dread disease, it 
is eatier to keep the disease from developing by avoiding any exciting cause 
than to cure when it once asserts its power; an ounce of prevention in this 
particular instance being worth many pounds of attempted cure. G. 
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Franklin Institute. 


[ Proceedings of the stated meeting, held Wednesday, Nov. 18, 1891.] 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 18, 1891. 


Mr. Jos. M. WILSON, President, in the chair. 


Present, seventy-two members and twelve visitors. 

Additions to membership since last report, seventeen. 

The Secretary read a letter from Prof. George Forbes, of London, Eng- 
land, accepting election as an honorary member; also, one from Mr. J. C. 
Trautwine, Jr., accepting election to the Board of Managers, to fill the 
unexpired term of John J. Weaver, deceased. 

Mr. B. E. Fernrow, Chief of the Division of Forestry, Department of 
Agriculture, read a paper on the Government Timber Tests at present being 
undertaken in the Forestry Division of the Department, describing the 
objects to be accomplished, the need of such investigation to furnish reliable 
data regarding the properties of our various timbers, and for the information 
of all who require to use wood in building, engineering and manvfacturing, 
and describing the plan and methods proposed for carrying on the work. 
The paper was illustrated by the exhibition of charts and photographs of 
test pieces. The paper was referred for publication. 

Mr. H. Reed exhibited and described a series of photographs, showing the 
progress of the work of construction upon the terminal and elevated railway 
of the Philadelphia and Reading Railroad in Philadelphia. 

The Secretary presented a series of views of the buildings of the World's 
Columbian Exposition, to be held in Chicago in 1893. He exhibited also a 
view of the projected suspension bridge over the North or Hudson River at 
New York, the construction of which is contemplated by the North River 
Bridge Company. This bridge is intended to carry across the river and 
directly into the metropolis, the tracks of the ten or more railroads terminating 
in Jersey City, and would afford much needed relief in the transfer of freight 
across the North River. On account of the great increase of the traffic of 
the railroads at this location, the present methods of transfer by barges is 
found to be entirely inadequate. The design of this bridge contemplates a 
suspension structure crossing the river with a single span of about 3,000 feet 
and providing for fourteen railway tracks to accommodate the heaviest 
traffic. 

Mr. W.N. Jennings continued the exhibition of his series of local pictures. 

Adjourned. Ws. H. WaRL, Secretary. 
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PENNSYLVANIA STATE WEATHER SERVICE. 


MONTHLY WEATHER REVIEW. 
For May, 1891. 


Prepared under the Direction of the Committee on Meteorology of the 
Franklin Institute. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 31, 1891. 


TEMPERATURE. 


The mean temperature of 52 stations for May, 1891, was 57°°5, which 
is about 2°5 below the normal, and 1°3 below the corresponding month of 
1890. 

The mean of the daily maxima and minima temperatures 69°2 and 45°°4 
give an average daily range of 23°°8, and a monthly mean of 57°°3. 

Highest monthly mean, 61°:o at Philadelphia, S. O. 

Lowest monthly mean, 51°’o at Wellsboro. 

Highest temperature recorded during the month, 93°°0 on the toth at 
Carlisle and McConnellsburg. 

Lowest temperature 20°0 on the 4th at Dyberry. 

Greatest local monthly range, 64° at Hollidaysburg and Dyberry. 

Least local monthly range, 48° at Erie, S. O. 

Greatest daily range, 53° at Hollidaysburg on the roth. 

Least daily range, 2° at Wellboro on the 18th. 

From January 1, 1891, to May 31, 1891, the excess in temperature at 
Philadelphia was 258°, at Erie 250°, and at Pittsburgh 222°. 

The warmest days of the month were the roth and 11th. The coldest 
were the 4th, 5th, 6th, 7th and 17th. 


BAROMETER, 


The mean pressure for the month, 30°07, is about ‘07 above the normal. 
At the U. S. Signal Service Stations, the highest observed was 30°42, at Phila- 
delphia, on the 20th, and the lowest 29°76 at Philadelphia, on the 16th. 


PRECIPITATION. 

The average precipitation, 2°12 inches for the month, is a deficiency of 
about one and a quarter inches. The largest totals in inches (including 
melted snow) were Ligonier, 4°41, and Somerset, 4°16. 

The least were Blue Knob, 0°31; Wysox, 0°49, and Lewisburg, 0°67. 
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The largest monthly snowfall totals in inches were Columbus, 2°00; 
Wellsboro, 1°50, and Meadville, 1°50. 


WIND AND WEATHER. 


The prevailing wind was from the Northwest. 
Average number: Rainy days, 8; clear days, 10; fair days, 10; cloudy 
days, 11. 


MISCELLANEOUS PHENOMENA. 


Thunder-storms.—Hamburg, 22d; Blue Knob, 20th, 22d, 30th; Hollidays- 
burg, 20th, 22d; Le Roy, 30th; Quakertown, 22d ; Johnstown, 2oth, 21st, 3oth ; 
Emporium, 2oth, 31st; State College, 20th; Coatesville, 11th, 22d; Kennett 
Square, 3d, 22d; Westtown, 11th, 20th; Carlisle, 22d, 26th; Swarthmore, 
11th, 20th, 22d, 31st; Huntingdon, 20th, 21st, 22d, 30th; Lancaster, 3d, 11th, 
22d; Lebanon, 22d; Pottstown, 3d; Philadelphia, 11th, 20th, 22d; Girard- 
ville, 15th, 2oth, 24th; Selins Grove, 20th, 22d; Somerset, 21st, 22d, 30th; 
Wellsboro, 20th, 30th ; Lewisburg, 21st; Columbus, 20th, 22d ; Ligonier, 20th, 
21st, 30th; Meadville, 21st, 30th; York, 11th, 22d. . 

Ffail.—Coatesville, 11th; Phoenixville, 11th; Selins Grove, 22d; Wells- 
boro, 6th. 

Snow.—Hamburg, 6th; Blue Knob, 4th; Hollidaysburg, 6th; Le Roy, 
5th, 6th ; Johnstown, 6th; Emporium, 5th; Mauch Chunk, 6th ; Rimersburg, 
sth; Lock Haven, sth; Carlisle, 6th; Harrisburg, 6th; Swarthmore, 6th ; 
Huntingdon, 6th; Lancaster, 6th; Coopersburg, 6th; Wilkes-Barre, 6th ; 
Greenville, 5th, 6th; Smethport, 4th, 5th, 6th; Philadelphia, 6th; Girard- 
ville, 4th, 6th ; Selins Grove, 6th ; Wellsboro, 5th ; Lewisburg, 6th ; Columbus, 
sth; Dyberry, 6th; Ligonier, 6th; York, 6th; Grampian Hills, 5th; Eagles 
Mere, sth. 

Frost.—Pittsburg, 4th, 5th, 6th, 7th, 8th, 12th, 13th, 17th; Hamburg, 5th ; 
Blue Knob, 4th, 5th, 7th, 8th, 12th, 13th, 17th, 18th, 19th, 27th; Hollidays- 
burg, 4th, 5th, 18th; Wysox, 2d, 3d, 4th, 5th, 6th, 8th, 17th, 19th, 27th; 
Le Roy, 4th, 5th, 6th, 17th, 27th; Quakertown, 2d, 4th, 5th, 6th, 7th, 8th, 
1oth, 13th, 15th, 16th, 17th, 18th, roth, 23d, 27th, 28th ; Johnstown, 4th, 5th, 
8th, 17th, 18th; Emporium, 4th, 13th, 17th, 18th, 27th; State College, 4th ; 
Coatesville, 4th, 5th, 6th; Phoenixville, 4th; Westtown, 6th; Rimersburg, 
4th, 5th, 12th, 13th, 17th, 18th, 27th; Lock Haven, 4th, 5th, 6th; Carlisle, 
4th; Swarthmore, 6th; New Castle, 4th, 5th, 7th, 8th, 12th, 13th, 17th, 18th, 
27th; Lebanon, 4th; Coopersburg, 4th, 5th, 6th; Wilkes-Barre, 4th, 5th, 
19th ; Nisbet, 4th, 27th; Pottstown, 4th; Selins Grove, 2d, 4th, 5th, 18th, 
27th; Somerset, 4th, 5th, 6th, 8th, 17th, 18th, roth, 28th ; Wellsboro, 2d, 3d, 
4th, 5th, 6th, 7th, 8th, 12th, 13th, 14th, 17th, 18th, 27th; Lewisburg, 5th; 
Dyberry, 2d, 4th, 5th, 6th, 7th, 8th, 13th, 14th, 17th, 18th, roth, 27th, 28th; 
Honesdale, ist, 4th, 6th, 17th, 1gth, 27th; South Eaton, 2d, 4th, 5th, 6th, 
17th; York, 4th, 5th, 17th; Greenville, 5th, 7th, 12th, 13th, 17th, 27th; 
Columbus, 4th, 5th, 6th, 7th, 8th, 12th, 13th, 14th, 15th, 17th, 18th, roth, 27th ; 
Meadville, 4th, 5th, 7th, 12th, 13th, 17th, 27th; Grampian Hills, 4th, 5th, 
8th, 12th, 17th, 18th, 27th; Eagles Mere, 27th. 
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Montaty SummMary oF Reports sy VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SER 


Barometer Repucep TEMPERATURE. Praciett, 
> 
5 Maximum. Minimum. | Dairy Rance. = 
County. Station, = | | 43 
| | 3 = | 
- | 30°320 | 5 8°8 10 34 | 17 68°9 | 48°8 34°0 | 9 | so | «8 | 62°3 44°2 | 3°23 | 
Homburg, s9°0 “ox 1 "33 s | 66 24°9 4's | | are | | : | 
h ; eas eee 62°2 86 37 6 72°5 51°8 20°7 34'0 23 10°0 30 38°s 1°97 ose 
ett Blue Knob, 2,500 56°8 84 10 26 5 } | 100 
947 | a 58°3 10 28 5 43°4 29°6 |} 10 | 10° 24 65°6 45°7 | 1°95 
re, Wysox, ees 718 | 30°095 | 30°320 | 29°872 55°3 7 10 26 4 10 24 | 
ertown, .... 5 30°050 | 30°410 | 29 88 31 6 26°2 ar 3 30 69"9 47°3 2°56 ° 
- 30°19 | 30°333 7% 8) 10 is 8 7o"9 | | 12° 29 49°2 3°44 ‘ 
h: | see | 59 83 9, 10 25 70° 40°8 46"0 10 24 1°06 
Mauich Chink ‘(23 days), 550 | 58°6 ge 10 32 71 45°4 4 44°09 10 10°0 24 1°24 
llege— 
tural Exper Station,. | 1,191 | 30°023 | 30°267 | 29° 10 3t s, 6 46"1 32°0 19 42°8 | 1°94 | 
-| West Chester, gorogo | 30°418 | | 58 68°6 | 49°6 19"0 30"0 4 | 7S 30 | 3°75 
«| Pheenixville, . 183 "256 | 30°422 | 29°85 6 47°7 22°3 37°S 26 73°4 | 2°74 
«| Westtown, ++ 350 | | | | 33 6 9°5 | 49°5 | 20% | 35°5 | 10 75 | | | | 3°08 
.| Rimersburg, ......... 1,500 82 19 29 5 65°3 474 | 33°0 27 | 40 coe eee 
h: . | Gram @ 1,450 cee 10, 19 28 | 45°9 360 | | 24 coe 29) 
«| Lock 560 58°3 10 31 70°6 444 26°2 43°0 10 24 sec see | Wap 
«| Mendville, 1,390 52'S 80 to 27 | 40°5 | 9 | 9S | 22 77°° 1°93 1°50 
rd- «| Castile, 480 | 59° 2 10 3 4 #73 ‘2 | 470 | 10 so | | | 2°17 
361 30°064 3°°373 | 29°843 | 59 To | 6 jo"o | 50°0 | | | 23 61"4 | 44°83 10°97 
College, ... 1 | 30°395 20°817 89 30 6 | 7% | 49°7 20°7 49°7 9 | 6 | 680 | 49'0 | 
} | 
| wee 0 1,000 30°065 30°249 29855 59°8 83 | 20, 22 7 | 45°0 45° | zo 28 3°3 eee 
| McConnelisburg,......... 875 © 59°3 93 10 72°S 476 24°9 10 Bo | 634 | 35°83 | 
ys- .| Huntingden— 
h; ormal College, ...... 650 | gt 10 30 | 43% | 46'0 10 15°0 | 6 | | 
ana— 
th, Franklin and 413 | | 30°300 29°23 | 59°0 87 10, 32 6 7°°3 463 24°0 38°0 10 27 72°0 |. $ | a8 
h: Lawrence, .. ..| NewCastle, . . rae ewes 932 | eae s75 | 87 | 10 24 17 40°1 12 23 oe 2°42 
| 30°074 | 30°309 | 29 32 4 71°6 46°2 254 | 444 | 10 | | “79 ome 
Lehigh, .....| | 10, 18 34 68°3 47°5 20° 33°0 10 | 2°25 ould 
+ ee 57S os eee | 587 10 | 45,6) 45°3 | } 9 a1 1°53 *50 
th Thiel Coliege, .. ...... 1,000 | 30°047 30°342 | 29°854 54°3 8 | 25 30°5 | 13 77 | | 
Philadelphia,t | Philadelphia— | | | | | | 
th ; Signal Office,. 117 | 30°047 | 30.420 29°760 6r'o go | 36 6 | 183 | | | 23 63°0 | 45°0 | 
th Philadel 120 | 30°057  30°432 29°77 | 4a 35 6 20°0 | 10 24 77° | 50°3 sor |. 
Schuylk »| Girardville, + 1,000 | 30°10 | 30°312 29°827 57°3 10 6 | 67% 45°0 22°8 10 go | | 1°80 | 
th Snyder, .... .| Selins 445 | 30°066 | 30°343 59°7 to 6 | 53°97 1°36 50 
* eet 53°4 10 26 5s | 670 26°0 46"0 10 10°0 20 3 | 482 4°10 
th; Sullivan,..... 30°359 29'934 52°3 | 9, 10 26 10 | 60°8 447 16% | | 9 40 | | 2°67 
rg 
Wayne, . Dy ang 1,100 $2°0 & | 10 20 66°2 38°8 27°4 4370 | 4 at 2°27 1°00 
Wayne, .....| Hon 00.6 The ow ae ‘9 82 10 29 5, 16 42°8 24°3 | 10 10°o 22 70°4 448 1°92 
Westmoreland, . .| Ligonier, oes 87 | 70°2 49°8 20°4 | 10°0 72°0 50°0 4°41 
Wyoming,’ . . . .| South Eaton... . 8§ | 10 2 | 43°4 2376 | | | | 
1 Observations taken at8A.M.and8P.M. *% Observations taken at 12 Noon. 
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ts BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE FOR 


Lowest. 
Date. 


Datry Rance. 


Date. 


Relative Humidity, 


34 17 
33 45 
28 5 
26 4 
26 5 

33 5, 8 
25 
32 
3t 5 6 
32 
29 6 
33 6 
29 5 

5 
3t 45,17 


3° 

32 

34 S 7 
3° 4 5 
32 6 
24 | 17 
| 4,56 
3° 5 
24 17 
2 5 
| 4 
36 6 
35 6 
38 6 
26 10 
23 
6 
24 13, 17 
Ge 
29 
2 1 
| 's 
32 4 


TESMPERATURE. 

S 
is | is 
= 

= 
68°9 
| 
7's | 

4° 
| 
“yoo | “43°8 
45°8 
70" 40°8 
7 45°4 
68°6 49°6 
7°°7 45°6 
47°7 
49°5 
"3 47°4 
672 | 
70°6 44°4 
| 
46°9 
jo"o 50°0 
7°°4 49°7 
45°0 
ms | 476 
72°7 43°8 
70°3 46°3 
40°r 
71°6 46°2 
68°3 47°5 
me | 
‘658 | 386 
72°0 50°0 
67°8 45°0 
45°4 
67'0 410 
60°8 44°7 
63°6 
74°3 
| 38 
‘és | 
67°1 42°8 
“2 49°8 
67°0 43°4 
73°2 46°5 


340 19 
es | | 
‘30 | 23° | ‘10° 
| | ‘108% 
10 12°0 
19 
46°0 10 12°0 
46°0 10 
44°0 To 10°0 
32°0 19 
30°0 4 7's 
44°0 10 
"37's 
35°5 10 7's 
33°° 27 +o 
“fro | 18° | “a0 
43°0 10 
“vo 19 9°5 
47° 10 *o 
10 
49°7 
15 
45°° 19 ze 
to 
38°0 10 10 
Bo 12 
“4 10 97 
33°° 
we | | ‘we 
| 19 | 
39°5 13 77 
40°0 11 T° 

11 
31°S 10 
10 g’o 
| | “108 
34°0 
40°0 15 
10 
50°0 13 *o 
‘avo | | 
10 10° 
10 
42°0 2 13°0 
10 


3°23 eee 10 
? 
‘rop | 8 
“31 1°00 
8 
rj} 3 
2°66 eee 12 
10 
34 10 
1 
me 
1°94 6 
3 
1°93 coe 9 
2°74 cee 13 
304 7 
e's 


2°17 8 
10 
2°12 7 
8 
1°89 eee 7 
2°48 oes 9 
2°42 9 
300 11 
2°25 9 
1°20 4 
3°3t ts 
2°28 oie 9 
"74 12 
2°or 12 
1°80 
+50 
4°10 
2°67 eee 5 
1°25 5 
3 
2°00 7 
“yoo 
1'92 
441 
1°06 7 
13 


| | £4 
| | | ots 
10°! 
‘26-2 | | | 473 
| ab 
a | | $67 
& eee | 
| 73°4 49°8 
17°9 see “ee. 
ose Way | «ee 3 
| ‘o 
iE 
| | 68'0 
@ 15°0 | 45°0 
| | ee ee 
i | 249 “a4 | | 358 | 
| 28'9 6 eee | 
| | 27 72°0 B's | 
| | | 45% 
18°3 | 23 63°0 45° 
20°0 24 77° | §0°3 
161 | 6 431 
24°: | 18 64°2 "4 
| 24 oes eee | 
5 | 6o'o | 360 
% 
| 24 | | 
4) 


‘VICE FOR May, 1891. 


(TATION. or Days. Winp. 


= 
i 
10 8 8 
8 19 3 
13 4 
4° 7 4 
12 9 
10 1 
10 13 
12 7 
7 10 
6 14 
1s 12 7 
8 
13 7 8 
7 5 15 
9 
3 11 
10 8 
7 16 
8 1s 11 
7 12 
9 6 10 
ee 9 7 
ee 11 17 
°° 9 a 15 
a 4 10 8 
ee 16 6 
2 1 1 
ee 17 5 
os 12 9 
12 5 
18 8 
12 12 
9 10 
5 10 2 
r"50 5 8 11 
3 10 17 
2°00 7 12 12 
7 11 
3 13 10 


I w w w Oscar D. Sawer, Sig. Corps. 

9 w NW William 

8 NW NW NW | A. H. Boyle. 

9 Ww Ww E Prof. J. A. Stewart. 

14 E NW NW 

10 sw Sw SW | Geo. W. T. Warburton 

9 N Ww Ww . C. Hilsman. 

13 NW Sw Sw .L.H 

12 nw Nw le 

12 

6 NW NW Nw Bova. 

12 w Ww Prof. Wm. Frear. 

12 NW Ww Ss C. Green, D.D.S. 

10 w w w T. Gordon. 

12 NW et ob SE . P. Kirk. 

16 NW NW NW | Knowles 

Ww Ww w ickersham. 
Ww w Rev. W. Deatrick, A.M. 
... | C.M. Thomas, B.S. 

10 NW SW NW Moore. 

10 w Ww Ww Prof. John A. Robb. 

s . | Robert M. 

5 NW N w . & B. H. Metcalf. 

10 Ss Sw . E. 

15 NW NW NW rank Ridgway, Sgt. Sig. Corps. 
14 w Ww Prof. Susan J. Cunningham. 


Peter Wood, Sgt. Sig. Corps. 
5 | Wm, Hunt. 


10 w w Ww Prof. W. J. Swigart. 
. . | Prof. S. C. Schmucker. 
15 NW NW NW | Lewis T. Lampe 

1 NW NW | Wm. T. Butz. 


10 NW | SW Sw ohn Com! 
| Sw | se | Se | 
7 -M. er, 
12 NW NW NW Ww M. 
9 NW NW NW | E.S. Chase. 

12 N N H. D. Deming 
4 Sw Sw SW | F.O. Whitman 
7 Ww w Wm. Loveland 

. | A. L. Runion, M.D. 
9 NW NW NW | Th 

9 rar T. Ambrose. 
2 NW NW NW .M.H 

NW NW NW | Mrs. L. H. 


T. F, TowNnsEnp, Odserver, Assistant, 


sig 
Osservers. 
| 
= 
| 10 N N N | Thomas F. Sloan. 
8 | NE | SW | SW | Geo. W. Hayes, C.E. hae aes 
a SE | NW | NE | M. H. Boye. ee 
| NW | NW | NW | A.W. Betterly. 
| 9 s ~ s Armstrong & Brownell. 
9 | NW | NW | NW | Prof. S. H. Miller. 4 
w | W | W | Charles Moore, D.D.S. 
NW | NW | NW | Luther M. Dey, Sgt. Sig. Corps. 
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Sieet.—Blue Knob, 4th, 6th; New Castle, 5th; Wellsboro, 6th; Ligo- 


nier, 4th. 

Corone.—Blue Knob, 1gth; Lebanon, 1st, 2d, 8th, 13th, 14th, 15th, 16th, 
17th, 19th, 20th, 21st, 22d; Somerset, 22d. 

Solar Halos.—Hollidaysburg, 2d ; Le Roy, 1st, 2d, 13th, 25th, 27th, 28th; 
State College, 16th; Rimersburg, 27th; Huntingdon, 13th ; Philadelphia, 13th, 
27th ; Dyberry, 23d, 25th, 28th; Eagles Mere, 2oth, 23d, 27th. 

Lunar Halos.—Blue Knob, 18th; Phoenixville, 13th ; Carlisle, 13th, 14th; 
Lancaster, 20th; Somerset, 19th, 21st; York, 19th; Meadville, 16th, rgth, 
2oth. 

Meteors.—State College, 5th. 

Parhelias.—Dyberry, 2d ; Eagles Mere, 23d. 


WEATHER FORECASTS. 


Percentage of local verifications of weather and temperature signals as 
reported by displaymen for May, 1891: 


Weather, 85 per cent. 
yTemperature, 91 per cent. 


TEMPERATURE AND WEATHER SIGNAL DISPLAY STATIONS. 


Displayman. Station. 
U. S. Signal Office,. . . . . . « « Philadelphia. 
Wanamaker & Brown, . . 
Pennsylvania Railroad Campeny, 
Continental Brewing Company, . .... . 9 
B. T. Babbitt,. . . . 
Neptune Laundry, . wy 


C.W. Bavkhart, +e. 

Thomas F.Sloan, . ..... . « MeConnelisburg. 

Capt. A. Goldsmith, . .... . . Quakertown. 

P. Wilbur & Co., . . « « + South Bethlehem, 

Steward M. Dreher, . ..... . Stroudsburg. 
State Normal School, . . . .. + .. Millersville. 


| a 
: 
~ 
> 
ats 
a 
7s 
te 


Displayman. 


L. H. Grenewald, . . 
J. E. Pague, 

C. L. Peck, 
Tannehill, . . . 
S.C. Burkholder, . . 
Robt. M. Graham. . . 
Henry F. Bitner, . . 
A. M. Wildman, 


A.Simon’sSons, ... 
Rafisman's Journal, . . 


R. C. Schmidt & Co., . 
E, C. Lorentz, 

W. M. James, 

E. J. Sellers, . 

H. M. Kaisinger, 

Foulk & Co., . 
William Lawton, .. 


Wister Heberton & Co., . 


E. W. Merrill, 

Frank Ridgway, 
Powell Bros., . 

J. C. McCloskey, 
Charles Petersen, . . 


Armstrong & Brownell, . 


Frank Loomis, . .. . 


Station. 
Girardville. 
York. 
Carlisle. 
Coudersport. 
Drifton. 
Confluence. 
Pollock. 
Catawissa. 
Millersville. 
Langhorne. 
Chambersburg. 
Lock Haven. 
Clearfield. 
Belle Vernon, 
Bloomsburg. 
Johnstown. 
Ashland. 
Kutztown. 
Hartsville. 
Milford. 
Wilmington, Del. 
Germantown. 
North East, 
Harrisburg. 
Shadeland. 
Lock Haven. 
Honesdale. 
Smethport. 
Troy. 


. . . . . . . . . 
. . . . . . . . 
4 
. . . . . . . . . 
. 
+ . . . . . . . . 
. . . . . . . 
. . . . . . 
. . . . . . . . 
ne . . . . . . . . 
. . . . . 
. . . . . . . . 
. . . . . . 
. . . . . . 
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TRAUTWINE’S POCKET-BOOK 


“ Without doubt it has proved itself to be the most useful hand- . a 
book in the language for the engineering profession.” — Engin- 
ccring and Mining Fournal, August 25, 1888. 


E. & F, N. Spon, London. 
Joun Witey & Sons, New York. ig 


Our Reducing Valves, Balanced 
Valves, Air Brake Regu- 
lators, Pump Governors 
are used by the best =. 
steam plants and rail- 


roads in the country. P 
SEND FOR CATALOGUB. 
Mason Damper Regulator. 
MASON REGULATOR CO., Boston. 
THE OTIS ELECTRIG ELEVATOR , 
—FOR— 
PRIVATE RESIDENCES, 
Orrice BurLp1ncs, 
Hospita.s, STORES, ETC. 
Send for Descriptive Catalogue. i 
SAFE; _ 
ECONOMICAL. 


fous electric-light and 
ic-lig lines, 


Otis Brothers & Co., wewvorx. Puma 


—STANDARD— BOSTON. PITTSBURGH. 
HYDRAULIC AND STEAM ELEVATORS. 7) 
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INDEX TO ADVERTISERS. 


Page 

Albany Steam Trap Co......... 
American ,Writing Machine Co, 

Fourth cover page 

Audel, Theo. & Co., Publishers.......... Vill 

Barnett, G. & H.,, File Works, Phila....xxx 


Bement, IV 
Borgner & O’Brien, Fire Bricks, &e., ke 
Second cover page 
Boyden Premium, The FRANKLIN 
xI 
Bridgeport Machine Tool Works......... vi 
Brill, J. G. & Co,, Car Works, Phila.,...xu 


Burk & McFetridge, Printers, Phila,..xxu 
Champion Blower and Forge Co 
Chester Steel Castings Co., Phila........ XVI 
Cramp, William & Sons’, The, Ship 

and Engine Building Co., Phila....x1x 
Cresson, Geo. V., Shafting, etc......XXXVI 
Crosby Steam Gage and Valve Co.,...XXV 


Curtis Regulator xx 
Edison XVI 
Fairmount Machine Company........... xvil 
Gage Machine Works................ XXXVIII 
Gould & Eberhardt, Drill Presses....... IV 
Hall Steam Pump Co....... XXI 
Hammond Typewriter ................... XXII 


Harlan & Hollingsworth Co., The 
Ship Builders, Wilmington, Del...xx1 

Harrisburg Foundry and Machine 

Hartford Steam Boiler Inspection 

and Insurance Company, Hart- 
Hess Machine Works, File Machinery...xx 

Higgins, C. M. & Co., Inks ............ 

Third cover page 

Howson & Howson, Patent Solici- 

tors, Phila. and Washington, 
Second cover page 

H., Laboratory Sup- 
one 
Co., The, Engravers Phila. xu 


Lord’s Compound...... XXXVI 
Main Belting Co., Belting, Phila... 
Mason Regulator Co I 
Mergenthaler Printing Co...... 
Moore, A. F., Insulated Wire..... ......XXV 


Page 
Morse, Williams & Co., Elevators, 

Munroe, R. & Son, Boilers,............... 
National Ventilation Co.,Fourth cover 
Naylor, Jacob, Steam Engines, &c., 


Otis Bros. & Co., Elevators............. I 
Palmer, Cunningham & Co.......... Vv 
Pedrick & Ayer..... XVIII 
Penna. Globe Gas xv 
XVII 
Pratt & Whitney Co., The, Machine 

Tools, Hartford, Conn,......... XVII 


Philadelphia Blue Print Co............ x 
Richardson & Boynton Co., Heaters. 
Richards & Co., Assayers’ and 

Chemists’ XXXIV 
Rue Manufacturing Co............... 
Shutte, L. & Co., Injectors, Phila.........Xv 
Schleicher, Schumm & Co., “Otto” 

Gas Engine, Phila. and Chicago....xIV 
Scott Legacy Medal and Premium, 

John, The FRANKLIN INsTI- 

TUTE XXVII-XXXIIL 


vil 
Smith’s 
Smith, James, Woolen Mach’y Co., 

The, Phila........... Second cover page 
Southwark Foundry and Machine Co..., 
Spon, E, & F. N., Publishers, N. Y...... 
Standard Steel Works, R. R., Tires,.. 
Stern, Edward & Co.,, Printers, Phila......x 
Stevens Institute of Technology, 

Hoboken, N. J 
Stokes & Parrish, Elevators, Phila...... 
Stow Flexible Shaft Co., Portable 

Machinery, Phila............... 
Thomson- Houston Electric Co., Bos- 

BANS... XXXVI 
Trautwine’s Engineer’s Pocket-Book... 1 
Troemner, Henry, Balances, Phila,.....XV1 
United Gas Improvement Co... .......... 
Warner & Swasey, Machinery.......... XXVI 
Westinghouse Air Brake Co., Pitts- 

Willcox, James M., & Co., Paper 

and Warehouse, Phila........ XIV 
Zentmayer, Jos., Optician, 


x 
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Sellers, Wm., & Co., Machinists, 
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ORGANIZED, 1866. 


THOROUCH INS INSPECTION. 


Insurance against loss or damage to property and loss of life 
and injury to persons caused by 


STEAM BOILER EXPLOSIONS. 


Full information concerning the plan of the Company’s operations can be obtained at the 
COMPANY’S OFFICE, HARTFORD, CONN., 
OR AT ANY AGENCY. 


J, ALLEN, Pres. W. B. PRANKLIN, V. Pres, PRANCISB. ALLEN, Pres. J. B. PIERCE, See, 


BOARD OF DIRECTORS. 


J. M. ALLEN, President. NELSON HOLLISTER, of State B’k, Hartford. 
FRANK W ENEY, Treas. Cheney Bros.’ How. HENRY C. ROBINSON, Attorney-at-Law, 


DANIEL PHILLIPS, of Adams Express Co. 
RICHARD W. H. JARVIS, Pres. Colts Fire! JILLSON, late Phoenix Fire 
THOS. 0. States Bank.| Co., Hartford, Conn. 
Gzx. WM. B. FRANKLIN, Late Vice-Pres. ‘OLAPP “SPOONER, Bridgeport, Conn. 

NTON CASE, of Th rms Mfg. Co, Baldwin Locomotive 
NEWTO 0: e Case, Lockw r 

Brainard Co. on. N. SHIPMAN, Judge, U. 8. Circuit Court, 


GENERAL AGENTS. OFFICES. 

THEO. H. BABCOCK New York City, Office, 285 Broadway. 

CORBIN & GOODRICH, Philadelphia. « "430 Walnut 

LAWFORD & McKIM, Baltimore, 2 Halliday 
Boston, Mass., mberton 

C. E. ROBERTS, Providence, R. I., ae 29 Weybosset St. 

H. D. P. BIGELOW, Chicago, Ill, es 112 Quincy Street. 

C. C. GARDINER, St. Louis, Mo., “ 404 Market Street. 

L. B. PERKINS, Hartford, “ 918 Main Street. 

. G. LINEBURGH & SON, dgeport, “ 94 State Street. 
GEO. P. BURWELL, Cleveland, - 208 Superior Street. 
MANN & WILSON, San Francisco, “ 306 Sansome Street 
W. S. HASTIE & SON, Charleston, 8. C., “ 44 Broad Street. 
FRITH & ZOLLARS, Denver, Col., “ ra House Block. 


C.J. MoCARY & Birmingham. Ala. 15 First Avenue. 


a 
STEAM S 
TFORSSO 
BART FORD 4 
CONN. 
SV ANT 
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BEMENT, MILES CO. 


Successors to 


W. B. BEMENT & SON and THE MACHINE TOOL WORKS, 


PHILADELPHIA, 


Metal Working 


Machine Tools 


of all descriptions, and a great 
number of sizes, including 


Lathes, Planers, Drills, Shapers, Slot- 
ters, Milling and Boring Machines, 
Steam Hammers, Steam and Hydraulic 
Riveters, Cranes, Punches, Shears, 
Bending Rolls, Plate Planers, Etc., Etc. 


OTHERS can copy, but they 
CANNOT EXCEL the 


Eherhardt's Pat, Drill Press 


22, 25, 32, 37 and 43 Inches. 


Used by the U. S. Government 
and ; 
ALL THE LEADING FIRMS. 


WRITE TO 


GOULD & EBERHARDT, Eborhardt’s Pat. Drill aria 


NEWARK, N. J. Tapping Attachment and 


MANUFACTURERS OF 
+4 
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PHILADELPHIA, PENNA. 


SOLE MAKERS OF THE 


PORTER-ALLEN AUTOMATIC ENGINE. 


ALSO BUILDERS OF 
Blowing Engines, Reversing Engines, 
Hydraulic Cranes, Centrifugal Pumps, 
Accumulators, Boilers, Tanks, etc. 


The Indispensable Lathe Dog 
DROP FORGED FROM BAR STEEL. 


ONE SET OF THREE, INCLUDING Nos. |, 2 and 
3, WILL DO THE WORK OF FROM TEN 
TO TWELVE ORDINARY DOGS. 


No. 0 for Tool Makers and Amateurs takes from 4 gs 


No. 1 for General Lathe Work takes from 4 to 1% s 
‘ 2 for General Lathe Work takes from % to 244 
‘ 8 for General Lathe Work takes from 1 to 34 
Price, per set of three, including Nos. 1, 2 and 3, 
‘taki ng from 4 to 3% 780 


PALMER, CUNNINGHAM & CO,, Limited, 607 Market St., Philadelphia, Pa, 
USE DIXON’S PENCILS 


FOR DRAFTING AND DRAWING. 


They are unequalled for Smooth and Tough Leads. If your stationer does not keep 
them, mention Franklin Institute, and send 16 cents in stamps to the Joseph Dixon 
Crucible Co., of Jersey City, N. J., for samples worth double the money. 
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Wm. Sellers & Eo. 


INCORPORATED. 


PHILADELPHIA, PA. 


MANUFACTURERS OF 


Machine Tools for Working Iron and Steel, 


PLANERS, DRILLING AND BORING MACHINES, LATHES, ETC. 


Steam and Hydraulic Riveters, Steam 


Hammers, 


PUNCHING AND SHEARING MACHINES, BENDING ROLLS, PLATE 
PLANERS, ETC. 


Improved High Speed Travelling Cranes. 
POWER SWING CRANES. 


Turn-Tables. 


Shafting, Pulleys, Hangers, Etc., Etc. 


Injectors for Locomotive, Stationary and 
Marine Boilers. 


Improved Testing Machines, 
UNDER PATENTS OF A. H. EMERY. 


GRAND PRIZE, PARIS, 1889. 
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SCREW MACHINES. 


ENGINE LATHES. CENTRE BOLT CUTTERS. 
BRASS LATHES. CHUCKING MACHINES. 
BORING AND TURNING MILLS. ie 

q 


BRIDGEPORT MACHINE TOOL WORKS 


BRIDGEPORT, CONN. 


E. P. BULLARD, PROP. 
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A New and Valuable Book on the Locomotive Engine. ‘bly the Best Book on this Branch 
of Steam Engineering Ever Published. 


THE NEW CATECHISM OF THE LOCOMOTIVE. BYM.N. FORNEY. 
Doubled in Size. JUST READY. Fully up to Present Practice, More than 500 
Engravings. PRICE, $3.50. 

For the past sixteen years the Catechism of the Locomotive has been the best authority and 
almost a necessity toevery Locomotive Engineer and Fireman, and on many railroads it is the standard 
for examination of Firemen for promotion, So many changes and improvements have been made in 

construction of locomotives that the author has revised and rewritten the book, adding much new 
matter and making new illustrations selected from the latest practice in this country. 

he new edition is about twice the size of the original book, has correct drawings of every part 

of the locomotive and of the different classes of locomotives in use in this country. It is written in such 

ge as an Engineer or Fireman can easily understand, and it is believed that a study of this book 

will enable him to chevomaily know his business, There is no popular treatise in the ish language 

which poe so clear, simple and complete a description of the construction and working of the loco- 

motive engine, 


&@ The above or any of our books sent freeof THEO. AUDEL & CO., Publishers, 
91 


e, at the publication prices, to address in the “ 


SMITH’S CALCULATOR. 


Size, 10x x 1% INCH. 


Complete Pocket-Book. All 
problems solved at sight. 
on receipt of the price. 


No.1 BROADWAY, NEw YORK. 


Best Selected Material, . . . . $3 50 
Mechanical Engineers’. . . . . 2 50 
Ordinary Material, complete with 

all attachments,. . .... 100 


H. LANDENBERGER, 
25 AND 27 N. THIRTEENTH STREET. 
| PHILADELPHIA. 


=> GHEMIGHL APPARATUS, 


Wi LABORATORY SUPPLIES & CHEMICALS, 
PROF. WOLPERT’S AIR TESTERS. 
BALANCES AND WEIGHTS, 
BOHEMIAN AND GERMAN 
GLASSWARE, BURNERS, 
PORCELAIN, FILTER- 
PAPER, HYDROMETERS, 
THERMOMETERS, ETC. 
Strictly Chem. Pure Acids and 
Chemicals. 


Catalogue mailed upon application. 


$ 


sei 


= 


I 
RC SMITH n° Broapway 
Res 
ory 
= 
on 
= 
Q 
= 
4 


Fournal of the Franklin Institute— Advertisements. ix 


NEW BOOKS. 


BREWING. 


A Text-boek of the Science of Brewing, by E. R. Moritz and G. H. Morris, 
based upon a Course of Six Lectures delivered at the Finsbury Technical 
College of the City and Guilds of London Institute. 534 pages, with 10 
plates, 8vo, cloth, $7.50. 

CONTENTS :—Materials—Brewing Waters, Barley and Malt, Malt Substitutes, Hops, 
Processes—Washing and Sparging, Boiling of the Wort, Fermentation, Racking 
and Storage of Beer. Analysis—Analysis of Water, Analysis of Malt and Wort. 
Analysis of Sugar and Hops, Analysis of Beer, Appendix, Index. 


MARINE PROPELLERS. 
Marine Propellers, by Sidney W. Barnaby. Third edition. Rewritten and 
brought up to date. 115 pages, with 6 plates, 8vo, cloth, $4.25. 
ConTENTS:—First Principles—The Paddle-wheel, the Screw, Experiments with 
models and their application to the determination of the most suitable dimensions, 
Geometry of the Screw, the Hydraulic Propeller, the Screw-turbine Propeller, 
Index. 


ROLL-TURNING. 


Roll-turning, for Sections in Steel and Iron:—Working drawings for rails 
sleepers, girders, bulbs, ties, angles, etc.; also blooming and cogging, for 
plates and billets. By Adam Spencer. 56 plates, 4to, cloth, $17.00. 

The subject of roll-turning has been treated in the accompanying work from a purely, 
practical point, and for practical men. The Drawings are the result of 
experience—their value consists in the fact that they are working drawings—that 
is, drawings of rolls which have passed through the ordeal of actual work. 


DESCRIPTIVE CIRCULARS SENT ON APPLICATION. 


PUBLISHERS, 
12 CORTLANDT ST.,N. Y. 
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WE GIVE SPECIAL ATTENTION TO THE 


PRINTING 


CATALOGUES, PRIGE-LISTS AND GIRGULARS 


Our Designs are tasteful. Our prices are moderate. Our facilities 
for promptly filling all orders, whether large or 
small, are unsurpassed. 


Printing also in German, French, Spanish or Italian 


(INCLUDING TRANSLATION.) 


‘EDWARD STERN & CO. 


BOOK, NEWSPAPER AND JOB PRINTERS, 
N. E. CORNER TENTH AND FILBERT STS., PHILADELPHIA. 


BLUE PROCESS PAPERS. 


‘*French Satin’’ is the only brand which is absolutely 


guaranteed by the manufacturers. 


PHILADELPHIA BLUE PRINT CO. 
gto Filbert Street, Philadelphia, Pa. 


Largest assortment of weights. Sample Books on request. 


ELEVATORS, 


PASSENGER AND FREIGHT 
FOR HOTELS AND BUSINESS HOUSES 


HYDRAULIC AND STEAM-POWER. 


Hoisting Machinery for Iron Furnaces, Mines, Inclined Planes 
PORTABLE HOISTS, AND ALL KINDS OF HOISTING 
MACHINERY A SPECIALTY. 


STOKES & PARRISH ELEVATOR CO. 


MAIN OFFICE: BULLITT BUILDING, PHILADELPHIA. 
New York Office: 18 Cortlandt St. Works: 30th & Chestnut Sts., Philadelphia. 


+ 
© = 


The Boyden Premium. 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the 
FRANKLIN INstiTUTs the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and 
other physical rays, are or are not trans- 
mitted with the same velocity.” 


The following conditions have been established for the award of this Premium : 

1. Any resident of North America, or of the West India Islands, may be a com- 
petitor for the Premium ; the southern boundary of Mexico being considered as the 
southern limit of North America. 

2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the results; 
and all memoirs received by him before the first day of January, one thousand eight 
hundred and ninety-two will, as soon as possible after this date, be transmitted to the 
Committee of Judges. 

3. The Board of Managers of the FRANKLIN INSTITUTE shall, before the first day of 
January, one thousand eight hundred and ninety-two, select three citizens of the United 
States of competentscientific ability, to whom the memoir shall be referred; and the 
said Judges shall examine the memoirs and report to the FRANKLIN INsTITUTE whether, 
in their opinion any, and, if so, which of the memoirs is worthy of the Premium. And, 
on their report, the FRANKLIN INsTITUTE shall decide whether the Premium shall be 
awarded as recommended by the Judges. 


4. Every memoir shall be anonymous, but shall contain some motto or sign by which 
it can be recognized and designated, and shall be accompanied by a sealed envelope, 
endorsed on the outside with some motto or sign, and containing the name and ad- 
dress of the author of the memoir. It shall be the duty of the Secretary of the FRanx- 
LIN INSTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
memoirs is worthy of the premium, the corresponding envelope shall be opened, and 
the name of the author communicated to the INSTITUTE. 

5- Should‘the Judges think proper, they may require the experiments described in 
any of the memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of the 
FRANKLIN INSTITUTE, and shall be published as it may direct. 

Nore.—The sealed envelopes provided for in condition No, 4, which may accom- 
pany unsuccessful memoirs, will be destroyed unopened, in the presence of the Board 
of Managers. 
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THE 
STANDARD 


STEEL WORKS. 


Locomotive and Car 
= = Wheel Tires, 


PHILADELPHIA, PA. 
METAL PLATE ENGRAVINGS 


Scientific, Artistic and Commercial Illustration. 


EXECUTED FROM 


Models, Sketches, Designs, Photographs, &c. 


These plates are furnished in hard type-metal, ready for use in the printing press ; 
they are superior to wood-cuts, in accuracy and detail, and lower in price. 
We make a specialty of the manufacture of Illustrated Catalogues. ADDRESS, 


CO. 
7th and Chestnut Sts., Philadelphia. 


J. G. BRILL. GEO, M. BRILL. JAMES RAWLE. 


PHILADELPHIA CAR. WORKS. 


j. G Brill & Co., Car Builders 
Philadelphia. 


Railway and Tramway cars of all kinds. Particular atten- 
tion given to building of cars for export. 


MAIN BELTING CO. 


MANUFACTURERS OF THE 


LEVIATHAN BELTING, 


1219-1235 Carpenter Street, 
248 Randolph St., Chicago. PHILADELPHIA, PA. 
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—THE-— 


United Gas Improvement Co, 


DREXEL BUILDING, 


Chestnut and Fifth Streets, 
PHILADELPHIA. 


OFFICERS : 


WM. G. WARDEN, President. 
GEORGE PHILLER, Vice-President. 
SAM’L T. BODINE, Gen’l Manager. 
RANDAL MORGAN, Gen’! Counsel. 


EDWARD C. LEE, Sec’y and Treasurer. 
ALEX. C. HUMPHREYS, Gen’! Sup’t. 
WALTON CLARK, Ass’t Gen’! Sup’t. 


DIREOTORS : 


GEORGE PHILLER, W. L. ELKINS, 
THOMAS DOLAN, WM. G. WARDEN, 
HENRY C. GIBSON, P. A. B. WIDENER, 


BUILDERS, LESSEES AND PURCHASERS OF 


GAS WORKS 
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“Otto Gas Engine Works’ 
SCHLEICHER, SCHUMM & CO. 


33d & WALNUT STS., PHILA. 130 WASHINGTON ST., CHICAGO. 


Our Engines are Guaranteed to Consume 25 to 75 Per Cent. Less Gas than 
ANY Other Gas Engine Doing the Same Work. 


TWIN ENGINES 
IMPULSE EVERY REVOLUTION, 
The Steadiest Running Gas Engine made. 
Engines and Pumps Combined 


For Hydraulic Elevators, Town Water Sup- 
ply, or Railway Service. 


Special Engines for 
Electric Light Work. 


Established 1729, at Ivy Millis, Delaware Co., Pa. 


JAMES M. WILLCOX & CO. 


WHOLESALE COMMISSION 


Paper 8 Rag Warehouse, 


No. 809 MINOR STREET, 
PHILADELPHIA, PA. 


Proprietors of Glen Mills, Delaware Co., Pa. 


Manufacturers of Bank Note, Bond and Parchment Papers 
and all Rag, Music and Machine-finished 
Book Papers. 


Over 20,000 in 
use, 
a 
Unexcelled for running Elevators, Wood 
Tools, Printing Presses, or any Kind of 
Machinery. Sizes : 1 to horse-power. 


Fournal of the Franklin Institute— Advertisements. 


PENNA. GLOBE GAS LIGHT CO. 


BUILDERS OF 


GAS AND WATER WORKS 


MANUFACTURERS OF 


Gas Machines, Plain and Fancy Street Lamps, 


GASOLINE, NAPHTHA AND CRUDE OIL. 


Principal Office: 20-26 South Fifteenth St., Philad’a. 
UNIVERSAL TUBE INJECTOR 


The most Complete and Reliable Boiler-Feeder known. 
No adjustment required for varying steam pressure. 
Operated entirely by one handle. 

Will take hot water 
up to 150 deg. Fahr. 


Send for Catalogues 
of Blowers and Ven- 
tilators and Air Com- 


hausters 
for all 
purpos- 
es. 


Siphon Pumps for 


lifting and forcing wa- " Exhaust Steam induction Condensers 
ter and other liquids. for all kinds of Steam-Engines. 


L. SCHUTTE & Co., Sole Manufacturers, 
TWELFTH AND THOMPSON STS., PHILADELPHIA, PA. 


MIASGOGRAPH. 


Patented by THOS. A. EDISON. 

A + Practical, and economical mant- 
folding device for every-day usc, 

It makes 3,000 copies of one original Writ- 
ing, Drawing, Music, etc. 1,500 copies of 
one original Typewriter Letter, ecom- 
mended by over 40,000 users. Send for 
circular and sample of work, 

A. B. DICK COMPANY 


32 Liberty New York. 152-154 Lake 8t., Chicage. 
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PHEDRICEK & AYER, 


Manufacturers of 
RICHARDS’ PATENT OPEN-SIDE 
PLANERS AND SHAPERS. 


UNIVERSAL MILLING MACHINES. 
Special Tools for Railway Repair Shope. 


Portable and Stationary Cylinder 
Boring Machines. 


1001 & 1003 Hamilton Street, - Philadelphia, Pa. 


True to Pattern, sound, solid, free from blow-holes and 
of unequaled strength. 

Stronger and more durable than iron forgings in any 
position or for any service whatever. 

20,000 KNUCKLES for M. C. B. Standard Car Cou 
ers, 60,000 CRANK SHAFTS and 50,000 GEA 
WHEELS, of this steel now running prove this. 

Cross-h eads, Rockers, Piston-Heads, etc., for 


tive. 
STEEL CASTINGS of every description. 
Send for Circular and prices to 
Chester Steel Castings Company, 
Works, CHESTER, PA. OFFICE, 407 LIBRARY 8T., PHILA. 


“LITTLE GIANT” INJECTOR, 
FOR FEEDING ALL BOILERS. 
RUE’S EJECTOR, 

7 For sing Water 
Boiler Washer and Testing Device 


Aas Uses warm water, avoiding injury and 
, a facilitating the raising of steam. 


MANUFACTURED BY 


RUE MANUFACTURING CO. 
Philadelphia. 


ESTABLISHED 1840. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia, 


MANUFACTURER OF 
Assay Balances, 
Analytical Balances, 


Fine Weights, &c., &c. 
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FAIRMOUNT MACHINE COMPANY 


SUCCESSORS TO 
THOMAS WOOD & COMPANY 


Twenty-Second and Wood Sts. 


PHILADELPHIA. 


SHAFTINGS, PULLEYS, 
COUPLINGS, FRICTION PULLEYS, 
HANGERS, GEARING. 


Sheave Wheels any size required for Hemp, Manila and Cotion 
Rope Driving. 


' Machinery for weaving, beaming, warping, winding, spool- 
ing, reeling, dyeing, sizing, calendering, fulling, scouring, &c. 
Also, power hoisters or elevators. 


Morse Elevator Works. 


MORSE, WILLIAMS & CO. 


Manufacturers and Builders of all kinds of 
Passenger and Freight 


ELEVATORS. 


Office: {ues Frankford Ave., one | Works: Frankford Ave., Wildey. 


Square bel. Girard Ave. and Shackamaxon Sts. 
PHILADELPHIA, PA. 
New York Office: 108 Liberty Street. 


J. LONERGAN & CO. 


211 RACE STREET, 
— Manufacturers of —— 


Lonergan’s Patent Oilers and Lubricators, 


Railroad, Machinists, Mill Supplies, 
and Brass Castings. 
Catalogue free on application, 
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The Pratt & Whitney Co. 
HARTFORD, CONN, U. 8. A. 


MANUFACTURERS OF 
For Machine, Railway, Agricultural 


Machine Tools, 


and Gun Shops. 


Flour Mill Roll Grooving Machines, Drop Hammers, Punching Presses, 
Retractile Jib Cranes, Standard Cylindrical and Caliper Gauges, Cutters 
for Teeth of Gear Wheels, Combination Lathe Chucks, Renshaw 
Ratchet Drills, Taps, Dies, Straight and Taper, Solid and Shell 
Reamers, Milling Cutters, Kennedy’s Pat. Spiral Shear 
Punches and the Hill Imp’d Aut. Grain Scale. 


SPECIAL MACHINERY. 


Factories equipped with complete plants of Machines, Fixtures, Smal) 
Tools and Gauges, for the manufacture of Guns, Sewing Machines and 
similar articles requiring interchangeable parts. Illustrated Catalogues 
and Price Lists furnished on application. 


PHOENIX IRON CO. 


TRENTON, N. J. 


Manufacturers of the 


TRENTON 


Cut-off Balanced Valve. 


The Trenton Engine, which won the highest award at the 
Novelties Exhibition of the FRANKLIN INstITUTE, has proved a 
great success in its durability, excellent regulation and simplicity 
of construction. 

CATALOGUE FURNISHED ON APPLICATION “@8 
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GEORGE BARNETT. HENRY BARNETT. 


G. & H. BARNETT, 
BLACK DIAMOND FILE WORKS 


Nos. 21 TO 43 RICHMOND STREET, PHILADELPHIA, 


WILLIAM CRAMP & SONS’ 


Ship and Engine Building 


PHILADELPHIA. 


Established 1835. 


Tanks, Sheet Iron Work, etc. 


Intending purchasers will do well to inquire into the merits 


of the Eclipse Manhole and Cover as shown 
in cut. 
Send for catalogue and price-list. 


R. MUNBOE & SON, 
2310 SMALLMAN ST., - PITTSBURGH, PA. 
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“JACOB NAYLOR, 
PEOPLE’S WORKS, 


GIRARD AVE. AND FRONT ST,., 
PHILADELPHIA. 


Corliss Engines, Boilers & Tanks 
Shafting and Gearing, Couplings, Pulleys and Hangers. 
STEAM AND HAND CRANES AND HOISTING MACHINERY 
GENERAL AND SPECIAL MACHINERY 
The Rider Patent Automatic Cut-off Engine. 


Generai Castings of all Kinds in Green 
Sand or Loam. 


THE TUPPER PATENT GRATE BAR 


25th and Callowhill Streets, 
PHILAD’A. PA. 
Grinding Machines, Stripping Machines, Chisel 
Grinding and Lapping Machines, Tang Sizing 
Machines, End Croppers, Dies, etc. 


e ‘3 The Franklin Institute of Philadelphia has awarded its 
highest medal to one of the leading file works in this city } 
for superior cut files, which were cut on these machines. 
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The Hollingsworth Company, 


WILMINGTON, DELAWARE. 


ESTABLISHED IN 1836. 


BUILDERS OF IRON STEAMSHIPS, 


Steamboats and Iron Sailing Vessels of every description. 
Engines, Boilers and Machine Work in general. 


Large Basin Dry Dock on Simpson's Patent 


IN CONNECTION WITH THEIR WORKS. 
New York Office, ROOM 90, BOREEL BUILDING. 


Machines for use by Brid, 
table Engine and Boiler 


Portable ‘apping, and 


Machines for Wood Bori 
Portable and Emery Wheal 
Grinding. 


Ce, 


26th, CALLOWHILL. BIDDLE STS. 


PHILADELPHIA, PA. 


DUPLEX STEAM PUMPS 
POWER PUMPS 
C,pneseune PUMPS 
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84 Lake St., Chicago. 
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“ PERFECT ” 


Hot-Water Heaters, 
Warm-Air Furnaces, 
Steam Heaters, 


For Warming all Kinds of PUBLIC 
BUILDINGS OR PRIVATE DWELL- 
INGS. 


We manufacture the LARGEST 
LINE OF HEATING APPARATUS made 
in the WORLD, and guarantee our 
goods to be first-class in all respects. 


Send for Circulars. Established 1837. 


RICHARDSON & BOYNTON CO. 
HEATING ENGINEERS, 
232 & 234 Water St., New York. 


Burk McFetridge, 
Printing *]_ithography, 


300-308 Chestnut St. 
Philadelphia. 
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“HAMMOND” 


TY Pew ER. 


Ideal and Universal Keyboards. 


Speed Record Again Broken. 180 words 
zm one minute, Chicago, Sept. 12, 1890. 


HIGHEST AWARDS: LONDON, NEW YORK, NEW 
ORLEANS, BOSTON, BRUSSELS, PARIS, 
COLOGNE, ETC. 


THE HAMMOND WON THE FIRST PRIZES IN BOTH OF 
THE LATE NEW YORK TYPEWRITER CONTESTS. 


A Check for $7,267.50 from the U. S. Treasury for 75 Hammonds. 


THE HAMMOND TYPEWRITER CO. 


116 S. Sixth St., Philadelphia. 447-449 East 52d St., New York. 
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THE 


The Linotype raises the unit of type composition from a single 
letter to a complete line. It will decrease the cost of type composition 
more than three-fourths as compared with hand type-setting. 

For full particulars, address 

THE MERGENTHALER PRINTING CO. 
154 Nassau Street, New York. 
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CROSBY STEAM GAGE & VALVE CO. 


Sole Proprietors and Manufacturers of 


Crosby Pop Safety Valves and Water Relief Val 
Crosby improved Steam Pressure Gages, Single Bel 
Chime Whistles. 


CROSBY STEAM ENGINE INDICATORS, 


Unrivalled for perfection of design and workmanship, and for the 
remarkable accuracy of their indications: also, manufacturers of 
other SPECIALT and BOURDON GAGES, for all purposes ; 
also, dealers in all instruments and appliances used on 

H. MILLETT, PREST. Engines, Boilers, Pumps, ete. 

10. H. CROSBY, V. PREST 


95 & 97 OLIVER ST., BOSTON, MASS. 
75 QUEEN VICTORIA ST., LONDON, ENG. 


ALFRED F. MOORE, 


— Manufacturer of — 


Insulated Electric Wire, Flexible ords and Gables 


200 & 202 N. THIRD ST. AND 301 & 303 RACE ST. 


PHILADELPHIA, PA; 


ESTABLISHED 1853. 


JOSEPH ZENTMAYER 
OPTICIAN, 


209 South Eleventh Street, Philadelphia. 


SPECIAL ATTENTION GIVEN TO OCULISTS’ PRESCRIPTIONS. 
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Geo, H. EAGER, TREAS. 
WALTER P. OLARK,SEO’Y. 
A. C. suPT. 
ESTABLISHED 1820. 
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Warner & Swasey, 
CLEVELAND, 


4 ‘Iron and Brass Work. 


VERTICAL MILLING 
MACHINES. 


Catalogue and Price- 
List on Applica- 


VALVE MILLING tion. 
MACHINES. 
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THE JOHN SCOTT 
Pegacy anil 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “ in- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in 
ventions shall merit the same. The examination of the inventions submitted for 
the Medal and Premium has been delegated by the Board of City Trusts, o 
the City of Philadelphia, to the Franxxin Lystrtrure, and the Institute, under 
the competent assistance of its 


Committee on Science and the Arts, 


undertakes to make the investigations free of charge and to recommend for the 
award all meritorious inventions. 


Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


from whom all information relative thereto may be obtained. 
Pursuant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 


The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA, 


has under consideration favorable reports upon accompanying applications. Any 
objection to the proposed awards, or evidence of want of originality of the inven- 
tion, may be communicated to the Secretary of the Institute within three 
months of the date of notice. 
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Hall of the Institute. 


OcrToBer, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INsTITUTE has recommended the 
award of 


The 
John Scott Legacy Medal and Premium 


TO 


Henry A. Goetz» W. 
of New Albany, Ind., for their 
«SYSTEM OF ANCHORING BEAMS IN BUILDINGS.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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of the Institute. 


OctToBER, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INSTITUTE has recommended the 
award of 


The 
John Scott Legacy Medal and Premium 


T. R. ALMOND, 


of Brooklyn, N. Y., for his 


“ ANGULAR COUPLING.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FRANKLIN INstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


Ocroser, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INSTITUTE has recommended the 
award of 7 


The 
John Scott Legacy Medal and Premium 


CHARLES D. WILLIAMS, 
of Philadelphia, for his 


“REVOLVING SHOW WINDOW.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the Franxuin Institute, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


DeceEmBER, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INsTITUTE has recommended the 
award of 


The 
John Scott Legacy Medal and Premium 


TO 


Frep’x L. Futter Gero. H. Griswo tp, 


of Trenton, N. J., for their 


“ CASH REGISTER AND INDICATOR.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the FRANKLIN InstiTuTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


OctosER, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INSTITUTE has recommended the 


award of 


The Elliott Cresson Medal 


TO 


PHILIP H. HOLMES, 


of Gardiner, Me., for his 


“IMPROVED LUBRICANT BEARING.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice to 
the Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 


Ped 
+. 
ate 
iH 
4 
4 
it 
q 
4 


Fournal of the Franklin Institute—Advertisements. xxxiii 


Hall of the Institute. 


OctosBerR, 1891. 


Notice is hereby given that the Committee on Science 
and the Arts of the FRANKLIN INsTITUTE has recommended the 


award of 


The Elliott Cresson Medal 


JAMES H. BEVINGTON, 


ef Chicago, Ill., for his 


“PROCESS OF WELDING METALS.” 


Any objection to the above recommendation should be 
communicated within three months of the date of this notice 
to the Secretary of the Franxuin Instrrute, Philadelphia. 


WILLIAM H. WAHL, Secretary. 


TO 
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NOTICE! 


The following Reports of the Examiners of the International Electrical 
Exhibition of the FRANKLIN INSTITUTE, held in 1884, have been published in 
pamphiet form, and will be mailed to any address on receipt of the price named. 


Sect. V, VI and VIII.—Electric Lamps, Carbons for Arc Lamps, 20c. 


as XIV and XVI—Batteries,. ....:... > 
XVIIIL—Underground Conduits,. ......... 20¢. 
XXI.—Fire and Burglar Alarms,. ........ 10c. 


XXIL—Electric Railway Signaling Apparatus, . . . 50¢. 

XXIIT.—Electro-Medical Apparatus, 

“ XXIV.—Electro Dental Apparatus, ........ 20¢. 
“« XXV and XXVI.—Application of Electricity to Art, 

Artistic Effects and Music, . . . 20c. 

“ XXVII.—Application of Electricity to Warfare,. . . . 20c. 

XXIX.—Educational Apparatus, ......... 20¢. 

XXX.—Machinery and Mechanical Appliances, . . 20¢c. 
Special Report.—Efficiency and Duration of Incandescent 


“ « —Dynamo-Electric Machines,. ...... 50c. 
Report of Chairman on Exhibition Committee, . . . . . . 
RICHARUS & CO. 
Limited, 


Importers and Manufacturers of 


Chemicals, Assayers and 
Chemists Supplies. 


NEW YORK, NEW ARK,N. J., 
41 Barclay Street. 863 and 865 Broad Street. 
CHICAGO, 


112 and 114 Lake Street. 
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GEORGE WELSH, Superintendent JR., President. JOHN CALDWELL, Treasurer. 


T. W. Superinten W. W. CARD, Secre 
WESTINGHOUSE, General Manager. 


CHE WESTINGHOUSE 


PITTSBURGH, PA., U.S. A. 


The WESTINGHOUSE AUTOMATIC BRAKE is now in use on 22,000 
engines and 250,000 cars. This includes 161,000 freight cars, which is about 16 
per cent. of the entire freight car equipment of this country, and about 80 per 
cent. of these are engaged in interstate traffic, affording the opportunity of con- 
trolling the speed of trains on railways over which they may pass. Orders have 
been received for 100,000 of the improved quick-action brakes since December, 1887. 

The best results are obtained in freight train braking from having all the cars 
in a train fitted with power brakes, but several years’ experience has proven con- 
clusively that brakes can be successfully and profitably used on freight trains where 
but a portion of the cars are so equipped. 


E. L. ADREON, Manager. JOHN B. GRAY, Agent. C. C. HIGHAM, Gen’! Supt 


The American Brake Co. 
The Westinghouse Air Brake Co., Lessee. 


New York Office: Chicago Office: 
160 Broadway, John B. Gray, Agent. Grand Pacific Hotel. 


——MANUFACTURERS OF—— 


LOCOMOTIVE + BRAKES. 


General Offices, St. Louis, Mo., U. S. A. 
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LORD'S BOILER COMPOUND. 


The genuine article, which is acknowledged by authorities and 
accorded the confidence of the manufacturers throughout the United 
States and foreign countries, is manufactured exclusively by George W. 
Lord, practical chemist and inventor. Attention is called to other 
parties who, through the appropriation of Mr. Geo. W. Lord’s anti- 
quated patent, which they call Lord’s Patent Improved, have deluded 
many manufacturers into presenting them with their orders for ‘‘Lord’s 
Boiler Compound.’’ The use of the formule under which this article 
was patented has long been discontinued by Mr. Lord, owing to his 
discovery of many new chemicals which, upon critical experiment, have 
demonstrated their superiority. 

‘*Lord’s Boiler Compound ’’ produced at the present time is an 
article greatly superior to the formule patented by Mr. Geo. W. Lord. 
As this article is highly recommended in 18 or 20 standard works on 
Engineering, and universally acknowledged by all our highest authori- 
ties, many different articles are now represented and sold as ‘‘ Lord’s 


Boiler Compound.”’ 
I therefore hereby caution the public that ‘“‘The Genuine 


Lord’s Boiler Compound’’ can be obtained only by addressing Mr. 
Geo. W. Lord, inventor and sole manufacturer, 


No. 316 UNION ST,, PHILADELPHIA, PA. 


The Thomson-Houston Electric Co. 


Manufacturer of ELECTRICAL 
APPARATUS FOR 


Incandescent 


AND THE 


Electrical Transmission of Power. 


THE THOMSON-HOUSTON ELECTRIC CO. 


620 ATLANTIC AVENUE, BOSTON, MASS. 
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Harrisburg Foundry and Machine 
Works, 


Manufacturers of the Harrisburg 
Double Engine 


STEAM ROAD ROLLER. 
Simple, Tandem and Cross- 


COMPOUND ENGINES. 
Ide and Ideal, 


BOILERS, ETC. 
= 


Engineers and Contractors for 
Complete Steam-Power 


Established 1859. Established 1859. 


GEO. V. CRESSON. 
Philadelphia Shafting Works, 


EIGHTEENTH & ALLEGHENY AVE., PHILA., PA. 


improved Method of Transmitting Power by Vertical Shafting. 

Avoids cutting of belt-holes and the running of belting through floors, THUS 
PREV ING FIRE being distributed floor to floor, ete. 

The economy of being enabled to run each floor or room independent of the other. 


As there are no belts from floor to floor, there is no dust or other 
matter distribu 


Where the Vertical Shafting is used a Lower Rate of insurance can be obtained 
on account of Less in case of fire. 


Shafting, 


IMPROVED PARTING PULLEYS. 
Parting Pulleys of the above de can be put on shaft in a few moments 


4 
General Office and Works: HARRISBURG, PA. 2 4 
| 
\ / ® Full 
Couplings, AYA Assortment 
Hangers, \/ on 
Cearing. Hand. 
ou own 
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GAGE MACHINE WORKS 
Machinists’ Tools, 


MODEL MAKING, 
GEAR CUTTING, Etc. 


ty WATERFORD, N. Y. 
THE STEVENS INSTITUTE OF TECHNOLOGY. 


School of Mechanical Engineering. 
Founded by the late Edwin A. oem at Hoboken, N. J. 


—FACULTY— 


ineering. 
echanics, 


GLE NUMBERS, FirTyY CENTS. 


ADAM RIESENBERGER Instructor in Mec 
DAVID S, JACOBUS, : . Instructor in Experimental Mechanics and Shop W. 


The Course of the STEVENS INsTITUTE is of four years’ ee and covers all 
that appertains to the profession of a Mechanical Engineer. 7 means of workshops © 
provided with excellent machinery, Physical Laboratories whose appointments are 
without an equal, and with the finest Cabinets of Instruments, every for 
the acquisition of thorough and practical knowledge is afforded. 


For further particulars, address the President, 
H. MORTON, Hoboken, N. J. 


THE ALBANY STEAM TRAP Co 
RENEWABLE SEAT GATE, STOP~ CHECK 


ALSO MANUFACTURERS OF 


MONTHLY, FIVE DOLLARS PER YEAR, 


BAND 


_SEND ‘FoR CIRGULARS 


| 

FOX & TURRET 

| LATHES 

| 

ALFRED M. MAYER, Ph.D... Professor of 

DE VOLSON WOOD,'A.M. C.E.,. Brofessor of Mechanical En 

BURKITT WEBB, C.E., .......... Professor of Mathematics and M 

HARLES W. MacCORD, . . . . Professor of Mechanical Drawing. 

ALBERT R. LEEDS, Ph. D.,..'. .., . ++ + + Professor of Theoretical Chemistry, 

REV. EDWARD WALL, A.M, ............ «.« Professor of Bellés-Lettres. 

AMES E. DENTON, M.E.,. . . . . . Protessor of Experimental Mechanics and Shop Work. 
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NUMBERS, FIFTY CENTS. 


MONTHLY, FIVE DOLLARS PER YEAR. 


DEVOTED TO 


Science and the Mechanie Arts. + 


EDITED BY . 


Pror. Perstror Frazer, D. Sc., Pror. Epwin J. Houston, Tuko. D. 
Ranp, Pror. Coreman E. D,, Pror. H. W. Spancier, 
Committee on Publications : 
with the Assistance of 
Dr. Wa. H. Want, Secretary of the Institute. 


DECEMBER, i891. No. 6. 
conTEN?TS. 
Report OF THE COMMITTRE ON SCIENCE AND THE ARTs : 
The Holmes’ Lubricant Bearing,. 401 
The Development of the Pig Iron Manufacture in the United States. By John 
- Birkinbine, President American Institate of Mining Engineers,... . 413 
Fuel Gas: Its Production and Distribution. By Arthur Kitson,........ 424 


CHEMICAL SECTION. 
Proceedings of the Stated Meeting, held Tuesday, November 17, 1591,. . . 448 


I. The lodation cf ~-Bromobenzoic Acid. 
Salts of Nitrobensoiec Acid, PRY Olver Hongh, 449 
The Oxidation of Metallic Arsenides by the Electric Current. By Lee K. 
ELECTRICAL SECTION 
Proceedings of the Stated Meeting, held Tuesday, November 3, 1801, . . . 470 
Is Actinism a Species of Electrolysis? By Prof. Edwin J. Wouston, . . . . 471 
CORRESPONDENCE : 


of the Stated Meeting, held November 18,1891, . . 
INDEX TO CXXXIL 


Pustisuen BY THE FRANKLIN INSTITUTE, 
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Books 
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Caligrapt ‘New Special No. 


; GREATEST SPEED. We are n0w prepared to fur- 
“BEST FOR MANIFOLDING. nish the New Spectat No. 3, 
100,000 Daily Users. having 78 characters, fitted with 


an extra platen for Manifolding 
(platen can be changed in two. 
minutes). 


A mew ribbon movement 
carrying the ribbon back and 
forth, as well as actoss the 
disk. 


This special machine, in 
quality of material and finencss 
of workmanship, excels any- 
thing ever before placed on the 
market, and has been brought 
out to meet the demands of 


Mingte | Case, 70.00 those requiring the best that 


THE AMERICAN WRITING MACHINE CO., Hartford, Conn: 


BRANCH OFFICES: 237 BROADWAY, N.Y. _ 
14 W. 4TH ST., CINCINNATI, 0. 1003 ARCH ST., PHILADELPHIA. 


THE BARNEY COMPOUND VENTILATING WHEEL 


_ Ie the most powerful and efficacious wheel in the world, and for drying, heating, cooling and 
removing Vitiated air, steam, gus, smoke, oders cr dust, is not approached by competition. 
When applied under our direction we guarantee it to give satisfaction or make no charge. 
Cases where other wheels have proved abortive, receive our special attentien. Hoping to 
recéive your valued inquiriex, ete., ete. 


BARNEY VENTILATING FAN CO. 


70 PEARL STREET, .- - BOSTON, MASS. 
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